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Abstract 
Focus of civilization has always been in efficient iiarnessing of various forms of 
energy to extend and enhance human capabilities and ingenuity. One of the most vital inputs 
for economic development and sustenance of modem economy has been Power. Providing 
adequate, affordable and clean energy is essential for eradicating poverty, improving 
productivity and facing the ever growing environmental challenges. Dr. Clive Beggs, through 
his book 'Energy and the environment' brings out that the GDP of any nation is related to its 
energy consumption. He, therefore argues that there is a strong link between per capita 
energy consumption and economic growth. It is indicated in the "World Energy Assessment, 
September, 2000" that although energy fuels economic growth, most current energy 
generation and use are accompanied by. environmental impacts at local, regional and global 
levels that threaten human well being now and well in to the future. It is imperative, 
therefore, to recognize the fact that one of the very important inputs to development has to be 
energy but not the way the current practices are harming the mankind, but with more focus 
on energy intensity and adoption of Renewable Energy Technologies in a big way. The 
article brings home further the proposition that any sustained economic growth will have to 
be based on technologies that husband's the 'Earth' factor i.e. the environment and more 
specially energy. One of the "Policy Options" recommended by the article for the national 
level is: "Moving to sustainable, environment friendly consumption patterns, including 
through reduction in resource use in developed countries and regeneration of renewable 
resources in developing countries". 
Switching to more focused recommendations "TERI Energy Data Directory and 
Yearbook, 2003/04" points out that as energy is recognized as one of the most significant 
 
 
 
 
 
  
 
 
 
11 
inputs for economic growth and human development, energy sector in India has received a 
high priority in the planning process at the macro-level. The article further points out that 
with an expected GDP growth of 8% by the end of the Tenth Five-Year Plan the energy 
demand is expected to grow at 5%. It also mentions that India's incremental energy demand 
for the next decade is projected to be among the highest in the world spurred by sustained 
economic growth. 
It is therefore obvious that there is a strong relationship between economic 
development and energy and the focus all over the world in general and India in particular 
has been to catch up with the demand (especially in the industrial sector) by use of 
Renewable Energy Sources with the objective of sustainable development. The study 
contributes towards this novel objective. 
The thrust of development today is utilization of sustainable energy. It refers to 
production and use of energy resources in ways that promote -or at least are compatible with 
- human development and ecological balance. 
World population is expected to double by the middle of the 21st century and 
economic development needs to continue. It is expected that this will result in a 3-5 fold 
increase in world economic output by year 2050 and a 10-15 fold increase by year 2100. 
Some studies predict that despite rapid economic development adequate energy services may 
not be available for one and all. A, 1.5 to 3 fold increase in primary energy requirements by 
2050 and a 2 to 5 fold increase by 2100 is expected. If the global growth rate of about 2 
percent per year of primary energy use continues, it will mean a doubling of energy 
consumption by 2035 relative to 1988, and a tripling by 2055. In the past 30 years developing 
countries commercial energy use has increased at a rate three and a half times that of OECD 
countries. Just in the last hundred years during which the world's population more than 
 
 
 
 
 
  
 
 
 
Ill 
tripled, human environmental insults have grown leaps and bounds. This has been mainly 
contributed by the 20 fold increase in the use of fossil fuels. At every level, (local, regional, 
global), the environmental consequences of current patterns of energy generation and use 
make up a significant fraction of human impact on environment. 
As early as 1896, the Swedish scientist Svante Arrhenius had predicted that human 
activities would interface with the way the sun interact with the earth, resulting in global 
warming and climate change. The prediction is becoming more or less true mostly due to the 
indiscriminate use of fossil fuel. Fossil fuels combustion is a major contributor to harmful 
emissions which aggravates the Ozone layer depletion. Carbon dioxide (CO2) produced by 
fossil fuel combustion, is the biggest source of the anthropogenic green house gas emissions 
that are changing the global climate system. To achieve a stable atmospheric CO2 
concentration at any level would require that CO2 emissions be cut by more than half from 
current levels, may be within the next few decades. However, if the present trend is allowed 
to continue, current CO2 emissions will lead to more than a doubling of atmospheric 
concentration before 2070. Agenda 21 set out recommendations for developed and 
developing nations regarding sustainable development strategies concerning clear air and 
water, water supply, energy, landuse etc. It may be noted that uncontrolled use of fossil fuel 
works diagonally opposite to-the novel principles of Sustainable Development. 
Oil, which provides about 40% of global energy needs is set to start to decline within 
about ten years. World demand drives the rate of depletion. As per Campbell, this time 
should be expected to be reached around 2010 when the demand is placed on the swing 
countries to produce over 20 Mb/d (million barrels a day) or about 36% of world demand. 
The world production would then have to commence its long term decline, he predicts. 
 
 
 
 
 
  
 
 
 
IV 
Renewable energy sources have the potential to provide energy services with zero or 
almost zero emissions of both air pollutants and green house gases. Solar photovoltaics is 
growing at a rapid pace and is expected that it would reach about 10,000 MW of world 
production by year 2010. 
Our country's heavy dependence on imported crude and coal is a major cause of 
concern from the "Energy Security" perspective. One of the policy options considered for the 
above is by diversifying the energy mix by using different types of energy sources. It is 
considered that an economy that uses a mix of sources will be less dependant on one 
particular fuel and hence less vulnerable to supply disruption of imported sources. 
A major contributor towards the enhanced level of concentration of green house gases 
(GHGs) leading to global warming is human activities. On the Indian region the global 
warming is expected to be restricted to 1.4 ± 0.3°C in the 2020s, 2.5 ± 0.4°C in the 2050s, and 
3.8 ± 0.5°C in the 2080s. It has been reported that power sector alone has a 40% contribution 
in the total carbon emission which is a major contributor to climate change. It is worth 
mentioning here that each gigawatt-hour of electricity generated by SPV, rather than burning 
coal, prevents up to 1052 tones of CO2 emission. 
India signed the multilateral treaty Kycto protocol on J".ne 10, 1992 and ratified the 
same on November I, 1993. India has accorded top priority for GHG emission reduction by 
initiating steps on energy efficiency, fuel switching, afforestation and use of Renewable 
Energy Technology (RET). 
India's oil import bill during April-October, 2005-2006 is expected to be about US 
$24.29 bn which is 44.51% higher than oil import valued at US $17.24 in the corresponding 
period of the previous year. It is estimated that India consumes about 50 million tones of 
diesel every year. Therefore, any saving in the usage of diesel by alternate technologies (with 
 
 
 
 
 
  
 
 
 
low import content) will help to conserve precious foreign exchange. India's demand for 
petroleum products is likely to rise from 97.7 million tones in 2001-02 to around 139.95 
million tones in 2006-07. The plan document puts compound annual growth rate (CAGR) at 
3.6% during the tenth plan period. Domestic crude oil production is likely to rise marginally 
from 32.03 million tones in 2001-02 to 33.97 million tones by the end of the 10* plan period 
(2006-2007). 92% of India's total oil demand has to be met by imports. 
The electricity sector in India has registered the maximum rise where consumption 
has doubled over the last decade. Electricity demand, growing at about 8.7% per annum 
during the nineties had out stripped the economic growth rate of 6.2%. It could be observed 
from the Ninth Plan document (Government of India) that the growth in electricity demand 
per annum is expected to continue at the rate of 8.7% even in year 2012. It is note worthy that 
out of the total installed capacity of 112058 MW as on 31st March 2004, 69.57% was thermal 
power, 26.32% was hydro, 2.42% was of nuclear power and about 1.66% of wind power. In 
generation of electricity it is expected that the share of thermal generation will go up and in 
that, the share of hydro carbon as compared to coal may be greater at the end of the Eleventh 
Plan (2011-2012). 
On energy usage, the industrial category of consumers had the highest share i.e. 
33.85% of the total energy sold compared to 33.27% in year 2001-02, registering an increase 
of 7.14%. The segments of Iron and Steel, Textile, Aluminum, Fertilizer, Cement and 
Chemical account for almost 70% of the electricity consumption in the industry. Most of the 
segments, especially Minerals and Metals, Textiles, Chemicals, Cement and Engineering 
have established captive power plants besides purchasing power from Electric Supply 
Companies due to the widening gap between the demand and supply. 
 
 
 
 
 
  
 
 
 
VI 
71% (4817 MW out of 6739 MW in the financial year 2003-04) of captive power 
generation based on diesel takes place in the segments under study of; 
• Minerals and Metals 
• Textiles 
• Chemicals 
• Cement 
• Engineering 
The '1999 Captive Report' published by Power Line Research mentions that in year 
1999, captive capacity in India grew by at least 1700 MW. The total captive power, as per the 
report, stands at 21500 MW in year 1999. The growth rate was almost 8.5%. This growth is 
attributed to the inability of the State Electricity Boards (SEBs) to meet the power 
requirements of industry in quality and quantity. 
It could be observed that about 18.7% of the total capacity was from captive power 
generation. Diesel based power generation sets account for about 41% of the total captive 
power generation. 
As the principal objective of the research is a perspective study on Diesel and Solar 
Photovoltaic Power in energy intensive industries focusing on 50 kW to 5 MW range, the 
study will be focusing on the segments of Minerals and Metals, Textiles, Chemicals, Cement 
and Engineering. 
The aforementioned trend of growth in captive power generation will continue to be high, as 
long as the availability of power from State Electricity Boards continue to be limited and the 
'gap' in demand-supply for power generation exists. SEB power is plagued with frequency 
and voltage fluctuation which can lead to substantial damage to equipment. It also leads to 
 
 
 
 
 
  
 
 
 
Vl l 
tremendous loss of production particularly in industries involving continuous process where 
each shutdown and start-up involves substantial expenses. 
A DG set consists of a prime mover and an alternator. The prime mover is generally, 
a compression ignition engine, which depending on its design can run on either HSD (high 
speed diesel), LDO (light diesel oil), LSHS (low sulphur heavy stock) or other fractions. In 
the prime-mover the heat energy of the fuel is converted in to mechanical energy through the 
rotary motions of the output shaft of the engine. Electrical power is generated by the 
alternator which is directly coupled to the output shaft of the engine. Of the total energy input 
(in terms of fuel burnt), 34% is lost through the exhaust, 30% to the coolant and only 
remaining 36% is converted to useful work, defined as Indicated Horse Power. Of this 
another 10% is lost through engine friction and other losses. To summarize, out of about 100 
units of energy that goes in to the system, only 26% is available at the output shaft. 
Technologically, there has been very little change in the DG systems as per the investigations 
conducted by the author of this thesis. 
Solar energy is available in abundance and fortunately under developed countries are 
generously endowed with it. The amount of solar energy incident on the earth's surface is 
approximately 1.5 x lO'^  kWh/year which is about 10000 times the current annual energy 
consumption of the entire world. The density of power radiated from the sun (referred to as 
'Solar Energy Constant) is 1.373 kW/sq mtr. Peak power density of 1 kw/sq. mtr at noon, in 
tropics is provided by the net, incident sunlight since part of the radiation is absorbed and 
scattered by the earth's surface. Solar cell is a device which converts solar energy photons to 
DC current and voltage and the associated technology is termed as Solar Photovoltaics. Being 
intermittent, the electricity produced by solar PV array needs to be properly controlled, stored 
and distributed. A typical stand-alone photovoltaic system is composed of an array 
 
 
 
 
 
  
 
 
 
V I I I 
converting sunlight into electricity. Electrical current Hows into a bank of batteries through a 
charge controller (regulator) that protect the batteries from overcharge or over discharge. By 
using a dc-dc converter required levels of d.c. voltage can be obtained if the loads to be 
connected are of d.c. types and if the loads are of a.c. type a d.c.-a.c. inverter may be needed. 
Life Cycle Costing method has been used for analysis of energy costs under the two 
scenarios namely "Diesel Power Generation" and "Stand-alone Solar Photovoltaic System. 
Life cycle is a method of economic evaluation which calculates the total cost of 
ownership over the life of the system. For each of the select firms the present captive power 
generation inputs deploying diesel generators are taken note of and life cycle cost for 20 
years is computed using the model prescribed by the "Course Manual" of Florida Solar 
Energy Center, Florida. One of the inputs for the above computation is the diesel price 
escalation in percentage. 
Further, for the select firms. Stand alone solar PV system to provide equivalent 
electrical energy (equivalent to that supplied by the respective diesel generator) was found 
out and the life cycle cost of the electrical energy generated by that system has been 
computed again, using the model prescribed by the course manual. From the discussions with 
the battery manufacturers and desk research, the life of the battery was inferred as 5 years. It 
could therefore be observed in the life cycle computation that 'cost of battery replacement" 
after every 5 years has been incorporated in the computation. 
LCC of both the diesel generator (existing) and equivalent solar PV system has been 
compared to project the economics. 
'SAS' statistical package has been used to forecast the price of diesel. The 
independent variable chosen are as follows: 
 
 
 
 
 
  
 
 
 
IX 
Price ofCrude($/barrel): 
Foreign exchange parity (Rs./US $): 
iii. Customs duty 
Installed capacity of Diesel power generation in the country (India) 
V. High speed diesel consumption in transport sector 
vi. Light diesel consumption in transport sector 
vii. Fuel oil consumption is transport sector 
viii. GDP growth of India 
ix. Consumer price index 
X. Wholesale price index 
xi. Agricultural growth 
xii. Allocation for defense 
Analysis, using Regression methods is done on data stored in SAS format for years 
1994 to 2005. The price forecast using the trends of the past gives a figure of Rs.32.54 / litre 
for year 2006. This, more or less tallies with actual price, Further, it could be observed that 
the fuel escalation rate (for use in the Life Cycle Cost Analysis) works out to about 17% per 
annum on an average as shown below: 
1. Price of diesel / litre for year 2006 - 32.54 
2. Price of diesel forecasting for year 2026 - 142.67 
. ^ (142.67-32.54) 
3. Percentage mcrease = -^^  ^xl00=338.44 
32.54 
338 44 
4. Annual average rate of increase estimated =16.92% i.e. 17% 
20 
The approach followed for forecasting price of solar photovoltaics has also been 
similar to that of diesel. MINITAB statistical package has been used to forecast the price of 
solar. The solar PV system price depends on the solar PV module price. Although, Battery 
 
 
 
 
 
  
 
 
 
and Inverter price variations also cause impact on SPV system price, in this study only the 
major variable Solar PV Module price is considered. Working on the statistical packages 
suggest that the dependent variable Solar PV Module price is influenced significantly by the 
following parameters in India. 
i. Foreign exchange parity 
ii. Custom duty 
iii. Module International Price 
The main objective of the study is to bring out the significance of energy costs in the 
select industries under the two scenarios of captive power generation by Diesel Generators 
and Solar Photovoltaics for the next two decades namely 2006 to 2026. Towards this the 
following step-by-step approach was adopted. 
• Selection of segments which accounts for maximum share of captive power 
generation by Diesel Generators in the range of study 
• Selection of sample firms under those segments 
• Study in detail the energy usage pattern of these firms 
• Forecast price of diesel using statistical techniques for the period 2006-2026 
• Study the electricity, production by diesel generators and design SPV systems to 
supply equivalent quantum of electricity 
• Use information on diesel price forecast and compare the Life Cycle Cost of 
electricity under the two scenarios for the select firms 
Extrapolate and find the impact to the industrial segments 
The study involved collection of data from sample firms of the select segments of the 
industry. The situation demanded collection of data from the firms based on questionnaire 
 
 
 
 
 
  
 
 
 
XI 
and personal interviews with competent personnel of the firms spread across the country. 
Structured interviews, based on the schedules circulated earlier, were conducted with 
authorized personnel of the firm by the author through personal visits to the respective firms 
in Kolkata, Bangalore, Coimbatore, Chennai and Pondichery. Although schedules were 
circulated in advance the response could be secured only during the interviews which was 
recorded then and there. The methodology adopted for finalizing the schedule was as follows; 
• A draft schedule was prepared and sent to selected firms for their reaction. This was 
prepared based on the experience of the author (more than 3 decades in the industry) 
• Certain pilot study was carried out in Chennai with the draft schedules. 
The discussion provided valuable clues on modifications required in the schedule. 
• The modification emerged as explained in para above were incorporated and the 
'schedule' was finalized. 
The segments investigated were Minerals and Metals, Textiles. Chemicals, Cement 
and Engineering which account for a lion share of the captive power generation with Diesel 
Generators of the range under study. The sample firms studied were Anugraha valves Casting 
and Amtek Casting in Minerals and Metals, Jayshree Textiles and Estern Spinwell in the 
Textiles, Hindustan Glass and Bio-Con in Chemicals, Ambuja Cements in Cement segment 
and Bi-Metal bearing and Salzer Electronics in the Engineering Segment. 
The metal casting industry is one of the most energy - intensive manufacturing 
sectors with the melting process accounting for over half (55%) of its energy consumption. 
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The melting process is not only responsible for the energy consumption but also is critical to 
the control of quality and properties of the final product. 
Anugraha Valves Casting uses a 500 KVA Diesel Generator as a standby unit. The 
design brought out that 229 kwp. Solar PV system should be able to supply the 
captive electrical energy required of 711 kwh The LCC computation reveal that the 
LCC of DG Power will be 20.5 Rs./ kwh and LCC for Solar PV will be 23.4 Rs. / 
kwh bringing out clearly that SPV system can be competitive. Further, the sensitivity 
analysis indicate that if the price of diesel becomes 55 Rs. / Itr then SPV becomes 
economical. Investigation on Ametk Casting show that they have deployed a 110 
KVA DG as Stand by unit. The design brought out that 50.4 kwp. Solar PV system 
should be able to supply the captive electrical energy required of 156.44 kwh. The 
LCC computation reveal that the LCC of DG Power will be 24.6 Rs./ kwh and LCC 
for Solar PV will be 22.5 Rs. / kwh bringing out clearly that SPV system is 
economical. Further, the sensitivity analysis indicates that if the price of diesel 
becomes 55 Rs. / Itr then SPV becomes much more economical. 
Textile segment is one of the major electricity consuming sector. These machines not 
only consume large power but are also highly susceptible to fluctuations and interruptions. 
Jayshree Textiles uses a 860 KVA Diesel Generator as a standby unit. The design 
brought out that 393 kwp. Solar PV system should be able to supply the captive 
electrical energy required of 1223 Kwh. The LCC computation reveal that the LCC of 
DG Power will be 20.1 Rs./ kwh and LCC for Solar PV will be 23.6 Rs. / kwh 
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bringing out clearly that SPV system can be competitive. Further, the sensitivity 
analysis indicate that if the price of diesel becomes 55 Rs. / Itr then SPV becomes 
much more competitive. Investigation on Eastern Spinwell show that they have 
deployed a 250 KVA DG as Stand by unit. The design brought out that 114 kwp. 
Solar PV system should be able to supply the captive electrical energy required of 
355 kwh. The LCC computation reveal that the LCC of DG Power will be 19.2 Rs./ 
kwh and LCC for Solar PV will be 23.3 Rs. / kwh. Further, the sensitivity analysis 
indicate that if the price of diesel becomes 55 Rs. / Itr then SPV becomes economical. 
Chemical segment is generally very power intensive 
Hindustan Glass uses a 860 KVA Diesel Generator as a standby unit. The design 
brought out that 395 kwp. Solar PV system should be able to supply the captive 
electrical energy required of 1223 Kwh. The LCC computation reveal that the LCC of 
DG Power will be 18".4 Rs./ kwh and LCC for Solar PV will be 23.6 Rs. / kwh. 
Further, the sensitivity analysis indicates that if the price of diesel becomes 55 Rs. / 
Itr then SPV becomes within close range. Investigation on Bio-Con show that they 
have deployed a 1250 KVA DG as Stand by unit. The design brought out that 574 
kwp. Solar PV system should be able to supply the captive electrical energy required 
of 1777 Kwh. The LCC computation reveal that the LCC of DG Power will be 17.3 
Rs./ kwh and LCC for Solar PV will be 23.1 Rs. / kwh. Further, the sensitivity 
analysis indicate that if the price of diesel becomes 55 Rs. / Itr then SPV becomes 
within close range. 
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Portland cements are hydraulic cement composed primarily of hydraulic calcium 
silicates, cements set and hardened by reacting chemically with water. This process is called 
hydration, in which, cement combines with water to form a stone-like mass. Since a lot of 
heating and drives are involved the cement manufacturing firms are highly energy intensive. 
Ambuja Cement uses a 1000 KVA Diesel Generator as a standby unit. The design 
brought out that 5508 kwp. Solar PV system should be able to supply the captive 
electrical energy required of 17066 Kwh. The LCC computation reveal that the LCC 
of DG Power will be 19.5 Rs./ kwh and LCC for Solar PV will be 12.5 Rs. / kwh 
bringing out clearly that SPV system can be competitive. Further, the sensitivity 
analysis indicate that if the price of diesel becomes 55 Rs. / Itrthen SPV becomes 
much more economical. 
In Engineering the process followed are different 
Bi-Metal uses a 625 KVA Diesel Generator as a standby unit. The design brought out 
that 3443 kwp. Solar PV system should be able to supply the captive electrical energy 
required of 10666 Kwh. The LCC computation reveal that the LCC of DG Power will 
be 18.3 Rs./ kwh and LCC for Solar PV will be 13.8 Rs. / kwh bringing out clearly 
that SPV system can be competitive. Further, the sensitivity analysis indicate that if 
the price of diesel becomes 55 Rs. / Itr then SPV becomes much more economical. 
Investigation on Salzer Electronics show that they have deployed a 160 KVA DG as 
Stand by unit. The design brought out that 128 kwp. Solar PV system should be able 
to supply the captive electrical energy required of 398 kwh. The LCC computation 
 
 
 
 
 
  
 
 
 
XV 
reveal that the LCC of DG Power will be 22.1 Rs./ kwh and LCC for Solar PV will 
be 18.3 Rs. / kwh bringing out clearly that SPV system can be competitive. Further, 
the sensitivity analysis indicate that if the price of diesel becomes 55 Rs. / Itr than 
SPV becomes much more economical. 
It has been generally seen that the cost of electricity is of the range of 5 % to 10 % of 
the cost of production in the segments studied. Therefore, the impact due to changes in the 
electricity cost is significant. 
Further, on extrapolation basis it was computed that even if 50% of the firms of each 
of these segment switch over to Solar PV power the country stand to save foreign exchange 
to of the order of 0.8 billion US dollar/annum. 
 
 
 
 
 
  
 
 
 
A PERSPECTIVE STUDY ON DIESEL AND SOLAR 
PHOTOVOLTAIC POWER IN ENERGY 
INTENSIVE INDUSTRIES 
THESIS 
SUBMITTED FOR THE AWARD OF THE DEGREE OF 
Ph.D.(BUSINESS ADMINISTRATION) 
I '^ 
P. JAYAKUMAR S^ 
INTERNAL SUPERVISOR 
ASIFALISYED 
SR. LECTURER 
DEPTT. OF BUSINESS ADMINISTRATION 
FACULTY OF MANAGEMENT STUDIES k RESEARCN 
ALIGARH MUSUN UNIVERSIH, AU6ARH 
EXTERNAL SUPERVISOR 
DR. N. K. BANSAL 
VICE-CHANCELLOR 
S.M.VD. UNIVERSITY, 
KAKRYAL, lANMU & KASHMIR 
DEPARTMENT OF BUSINESS ADMINISTRATION 
FACULTY OF MANAGEMENT STUDIES & RESEARCH 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
2006 
 
 
 
 
 
  
 
 
 
T7120 
 
 
 
 
 
  
 
 
 
DECLARATION 
I do hereby declare that the thesis titled "A PERSPECTIVE STUDY ON DIESEL AND 
SOLAR PHOTOVOLTAIC POWER IN ENERGY INTENSIVE INDUSTRIES" submitted 
to the Faculty of Management Studies and Research, Aligarti Muslim University, Aligarh 
for the degree of DOCTORATE IN BUSINESS ADMINISTRATION, is a record of original 
research work done by me under the supervision of Mr. ASIF ALI SYED, Sr. Lecturer, 
Faculty of Management Studies and Research, Aligarh Muslim University, (Intemal 
Supen/isor) and Dr. N. K. BANSAL, Vice Chancellor, SMVD University, Kakryal, 
Jammu and Kashmir (Extemal Supervisor) and it has not, previously formed the basis 
for the award of any degree, diploma, associateship, fellowship or other similar title to 
any candidate of any University. 
Place: Aligarti Signature of the candidate 
Date : 2 July 2006 P. JAYAKUMAR 
 
 
 
 
 
  
 
 
 
Faculty of Management Studies & Research 
Department of Business Administration 
Aligarh Muslim University, Aligarh 
Phone: 2702044, 94123-33133 
Asif Ali Syed 
Sr. Lecturer 
CERTIFICATE 
This is to certify that the thesis entitled "A PERSPECTIVE STUDY ON DIESEL 
AND SOLAR PHOTOVOLTAIC POWER IN ENERGY INTENSIVE 
INDUSTRIES" submitted to Aligarh Muslim University in partial fulfillment of the 
requirement for the award of the degree of DOCTORATE IN BUSINESS 
ADMINISTRATION, is a record of original research work done by 
Mr. P JAYAKUMAR, during the period of study in the Department of Business 
Administration, Faculty of Management Studies and Research, Aligarh Muslim 
University, under my supervision and guidance. This thesis has not formed the 
basis for the award of any degree, diploma, associateship, fellowship or similar 
title to any candidate of any University. 
Place : Aligarh 
Date : 2 July 2006 
ASIF ALI SYED 
Internal Supervisor 
 
 
 
 
 
  
 
 
 
Shri Mata Vaishno Devi University 
Jammu & Kashmir 
(A Statutory Technical University of J&K, Legislature) 
Tel :(0) : 01991 285573 
(R):01991 281481 
E-mail :na rendra.bansal@gmail.com 
f ^ j l H WT No. SMVDU/PS/VC/06/1637 
VICE CHANCELLOR 
CERTIFICATE 
This is to certify that the thesis entitled "A PERSPECTIVE STUDY ON 
DIESEL AND SOLAR PHOTOVOLTAIC POWER IN ENERGY INTENSIVE 
INDUSTRIES" submitted to Aligarh Muslim University in partial fulfillment 
of the requirement for the award of the degree of DOCTORATE IN 
BUSINESS ADMINISTRATION, is a record of original research work done 
by Mr. P JAYAKUMAR, during the period of study in the Department of 
of Management Studies and Research, 
my supervision and guidance. This thesis 
for the award of any degree, diploma, 
Business Administration, Faculty 
Aligarh Muslim University, under 
has not formed the basis 
associateship, fellowship or similar title to any candidate of any University. 
M-V^hm^vOi 
Place : Katra Professor N.K.Bansai 
Date : 2 July 2006 External Supervisor 
X ^ ' .k* 
Campus : Kakryal,(Near Panthal) Dist : Udhampur - 182121 J&K 
Tel : 0-9906027571, Telefax : +1991-285573 
Public Relations Office : Vaishnavi Dham, Railhead Complex, Jammu - 180 012 (J&K) 
Telefax : +191-2470067 
 
 
 
 
 
  
 
 
 
Preface 
Power is a vital input for economic development and sustenance of modern 
economy. Power is also important for eradication of poverty. However, providing 
adequate and clean power to face the ever-growing environmental degradation has 
been a great challenge of the current cenmry. Basically the objective of sustainable 
development is also the same. 
The inevitable increase in the use of fossil fuels to be in step with the 
economic growth has associated side effects of threat to energy security of the 
country and environmental degradation through climate change. 
India has not been able to cope with the demand for electricity necessitated 
by the economic growth. To meet the demand-supply gap, industrial segments in 
particular has been resorting to heavy deployment of diesel based captive power 
generation. The growth rate has been almost 8-10% per annum. This trend of 
growth in captive power generation will continue to be high, as long as the 
availability of power from State Electricity Boards continue to be limited. It is 
known that 92% of India's total oil demand has to be met by imports. 
Thus, if one looks forward to the next two decades the challenge of energy 
security and environmental degradation caused by enhanced use of fossil fuel is 
extremely serious. 
The feasible alternative to the problems posed by the unavoidable increase of 
fossil fuel for captive power generation lie in accelerated use of Renewable energy 
especially solar energy for a country like India which has sunshine almost through 
out the year in most parts of the country. It has been seen that a lion share of captive 
power generation especially diesel based takes place in the Minerals and Metals, 
Textiles, Chemicals, Cement and Engineering sectors of the industrial segment in 
 
 
 
 
 
  
 
 
 
India. However the focus of the Government and industry in India has never shifted 
to this area. 
This study is primarily aimed to include within the focus of the Government 
and industry the industrial segment on application of solar photovoltaic electricity as 
a substimte for the diesel based captive power generation. 
Sample firms have been investigated especially from the point of view of 
energy usage pattern. Statistical techniques have been used to forecast the price of 
diesel till year 2026. Life cycle cost analysis has been carried out to arrive at the 
electricity cost based on diesel power generation for the respective firms. Further, 
established Solar Photovoltaic System design methodologies have been used to 
arrive at the Solar PV system size which will supply equivalent electricity. Then the 
Life Cycle Costing analysis has been carried out for computing the cost of 
electricity for the same period. Comparison of these two scenarios have been done. 
In general, the trend appears to be in favor of the fuel switch over. 
Global investigations reveal that such SPV capacities are feasible. It is 
expected that this study will trigger a paradigm shift in the Solar Photovoltaic 
program in the country and if that happens and enables large scale deployment of 
Solar PV System we probably have found the panaecia for the ills of energy 
security, foreign exchange drain and enviromnental degradation caused by fossil 
fuels and would have laid the path for SUSTAINABLE DEVELOPMENT. 
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I l l 
Abstract 
Er energy has an established positive co-relation with economic growth 
Providing adequate, affordable and clean energy is essential for eradicating poverty, 
improving productivity and facing the ever growing environmental challenges. As the 
world population is expected to double by the middle of the 21st century, a 1.5 to 3 
fold increase in primary energy requirements by 2050 and a 2 to 5 fold increase by 
2100 is expected. As most of the electricity needs are catered by fossil fuel based 
generation, environmental consequences like climate change are accelerating in an 
enormous pace, As renewable energy sources have the potential to provide energy 
services with zero or almost zero emissions, these should be promoted. 
Demand for electricity has also been growing in India and the industrial 
category of consumer had highest share in 2002-03, As the demand-supply gap 
increases, captive power generation also is on the rise. Segments of Minerals and 
Metals, Textiles, Chemicals, Cement and Engineering account for 71% of the diesel 
based captive power generation (4817 MW) in 2002-2003, 
Studies of sample firms in the segments indicated above reveal that these firms 
are deploying diesel generators firm 110 KVA to 1250 KVA for durations of 2 hours ' 
day to 24 hours/day for captive power needs. System studies show that these energy 
requirement of the respective firms could be supplied by Solar Photovoltaic Power 
Systems of appropriate size matching the life cycle cost of energy generated over 20 
year life period. 
Life Cycle Costing method has been used for analysis of energy costs under 
the two scenarios namely "Diesel Power Generation" and "Stand-alone Solar 
Photovoltaic System". 
Life cycle is a method of economic evaluation which calculates the total cost 
of ownership over the life of the system. For each of the select firms the present 
 
 
 
 
 
  
 
 
 
1\ 
captive power generation inputs deploying diescl generators are taken note of and life 
cycle cost for 20 years is computed using the model prescribed by the "Course 
Manual" of Florida Solar Energy Center. Florida. One of the inputs for the above 
computation is the diesel price escalation in percentage. 
Further, for the select firms. Stand alone solar PV system to provide 
equivalent electrical energy (equivalent to that supplied by the respective diesel 
generator) was found out and the life cycle cost of the electrical energy generated by 
that system has been computed again, using the model prescribed by the course 
manual. From the discussions with the battery manufacturers and desk research, the 
life of the battery was inferred as 5 years. It could therefore be observed in the life 
cycle computation that 'cost of battery replacement' after every 5 years has been 
incorporated in the computation. 
LCC of both the diesel generator (existing) and equivalent solar PV system 
has been compared to project the economics. 
'SAS' statistical package has been used to forecast the price of diesel. The 
independent variable chosen are as follows: 
i. Price of Crude ($/barrel): 
ii. Foreign exchange parity (Rs./US $): 
iii. Customs duty 
iv. Installed capacity of Diesel power generation in the country (India) 
V. High speed diesel consumption in transport sector 
vi. Light diesel consumption in transport sector 
vii. Fuel oil consumption is transport sector 
viii. GDP growth of India 
ix. Consumer price index 
X. Wholesale price index 
 
 
 
 
 
  
 
 
 
xi. Agricultural growth 
xii. Allocation for defense 
Analysis, using Regression methods is done on data stored in SAS format for 
years 1994 to 2005. The price forecast using the trends of the past gives a figure of 
Rs.32.54 / litre for year 2006. This, more or less tallies with actual price, Further, it 
could be observed that the fuel escalation rate (for use in the Life Cycle Cost 
Analysis) works out to about 17% per annum on an average as shown below: 
1. Price of diesel / litre for year 2006 = 32.54 
2. Price of diesel forecasting for year 2026 = 142.67 
(142.67-32.54) 
3. Percentage increase = -^  xl00=338.44 
32.54 
338 44 
4. Annual average rate of increase estimated = =16.92% i.e. 17% 
20 
Further, Sensitivity analysis reveal that if price of diesel crosses about 
Rs.55/litre, SPV power could be extremely favorable. 
This study unfolds a great potential market for organized sector to step in the 
SPV industry in a big way. It also throws light and bring home the necessity of 
Government of India to unleash imaginative policies for large scale deployment of 
solar energy in this manufacturing segment. 
The benefit will be global in terms of moderating the "Climate Change" 
phenomenon and local from the perspective of foreign exchange conservation, energy 
security etc. 
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Introduction 
CHAPTER - 1 INTRODUCTION 
1.1 Energy and development linkages 
Focus of civilization has always been in efficient harnessing of various forms of 
energy to extend and enhance human capabilities and ingenuity. One of the most vital 
inputs for economic development and sustenance of modem economy has been Power 
Providing adequate, affordable and clean energy is essential for eradicating poverty, 
improving productivity and facing the ever growing environmental challenges. 
The society is interested in the energy system, not energy per-se, for the variety 
of services it needs such as cooking, illumination, transportation, industries etc. An 
energy system comprises an energy supply sector and the end-use technology needed to 
provide energy service. 
Please refer Figure 1 below: 
Energy System 
Energy Sector 
Extraction and treatment 
Primary energy 
Conversion technologies 
Dstribution technologies 
i 
I Final energy J 
Power plant, 
cogeneration plant 
Electricity grid 
Electricrty 
End-Use technologies 1 
I Useful energy 
End-Use technologies 2 
I Energy Services I 
Electricity arc 
system 
Melting heat ' 
Energy Services 
Steel Making 
Figure J. An example of the energy chain from extraction to services 
Source: World Energy Assessment 
 
 
 
 
 
  
 
 
 
Introduction 2 
Supply sector involves complex processes for extracting energy resources (such 
as coal or oil), for converting these into more desirable and suitable forms of energy 
(such as electricity or gasoline), and for delivering energy to places where demand exists. 
The delivered energy is transformed into energy services (such as casting, using an 
electric furnace or motive power for running a twister in a textile plant). 
It could therefore be observed that the energy services are the outcome of various 
factors of technology, infrastructure, labor, materials and energy carriers. Consumers 
hardly bother about the energy carrier and the source of that carrier from their perspective 
but what is important is the economic value or utility derived from the services. 
Therefore, one could say that the energy system is services driven (from the bottom up) 
whereas, energy flows are driven by resource availability and conversion process (from 
the top down) [13]. 
The thrust of development today is utilization of sustainable energy. It refers to 
production and use of energy resources in ways that promote - or at least are compatible 
with - human development and ecological balance. 
The current energy practices do not lend credence to the aim of sustainable 
energy. As noted in Agenda 21, "Much of the world's energy... is currently produced and 
consumed in ways that could not be sustained if technology were to remain constant and 
if overall quantities were to increase substantially" [14]. UNFCC (United National 
Framework Convention on Climate Change) adopted in 1992 has addressed the energy's 
link to global warming through green house gas emission (major contributor being fossil 
fiiel consumption). 
Supplying adequate energy of desired quality in a sustainable manner and at 
reasonable costs has been a major challenge for India. The 8% to 10% growth rate being 
 
 
 
 
 
  
 
 
 
Introduction 3 
aspired by India calls for imaginative policies for energy supplies in both quantity and 
quality. 
1.1.1 Global energy scenario, Fossil fuel usage and its consequences 
World population is expected to double by the middle of the 21^' century (Global 
Energy, 1998) and economic development needs to continue. It is expected that this will 
result in a 3-5 fold increase in world economic output by year 2050 and a 10-15 fold 
increase by year 2100. Some studies predict that despite rapid economic development 
adequate energy services may not be available to one and all. A, 1.5 to 3 fold increase in 
primary energy requirements by 2050 and a 2 to 5 fold increase by 2100 is expected. 
The studies also predict that the amount of primary energy needed per unit of 
economic output, the energy intensity - will decrease. This is due to maturing of 
individual technologies for conversion processes and end-use devices and phasing out of 
inefficient technologies. 
As indicated in earlier section, Energy services are the result of a combination of 
various technologies, infrastructure (capital), labor (know how), material and primary 
energy. Price of these inputs vary and there could be many combinations. However, the 
consumer is bothered only about the economic value and are mostly unaware of the 
upstream activities required. Per capita consumption of primary energy vary widely from 
developed to developing countries. For example, per capita consumption of primary 
energy use in the United States was 330 giga joules in 1995, more than eight times that 
used by a an average sub-sahara African (40 gigajoules). Figure 2 shows commercial and 
non-commercial energy consumption in various regions. 
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Canada and United States 
Latin America 
western Europe 
Central and Eastern Europe 
Commonwealth of Independent States 
Middle East and North Africa 
Sub-Saharan Africa 
Cenetrally planned Asia 
Pacific Asia including Japan and Australia 
South Asia 
100 150 200 250 300 350 
Gigajoules 
Figure 2. Primary per capita energy consumption (commercial and non-commercial) by 
region, 1995. 
Source: World Energy Assessment 
An analysis based on per capita consumption of commercially distributed energy 
resources is given in Table 1 below: 
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Table 1 
World Primary Energy Consumption, 1998 
Source 
Fossil fuels 
Oil 
Natural 
gas 
Coal 
Renewables 
Large 
hydro 
Traditional 
biomass 
'New' 
renewables 
Nuclear 
Nuclear 
Total 
Priniar\-
energy 
(exa-
joules) 
320 
142 
85 
93 
56 
9 
38 
9 
26 
26 
402 
Primary 
energy (1 ()' 
tonnes of oil 
equivalent) 
7.63 
3.39 
2.02 
2.22 
1.33 
0.21 
0.91 
0.21 
0.62 
0.62 
9.58 
Percentage 
of total 
79.6 
35.3 
21.1 
23.1 
13.9 
2.2 
9.5 
2.2 
6.5 
6.5 
100 
Static 
rcser\'e-
production 
ratio (years) 
45 
69 
452 
50 
Static 
resource 
base-
production 
ratio (years) 
-200 
-400 
~150J) 
Renewable 
Renewable 
Renewable 
» 3 0 0 
Chnamic 
resource 
base-
productior 
ratio (\car 
95 
230 
-1000 
Source: World Energy Assessment 
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It is known that the rate of global commercial energy consumption is much less 
than the energy flows from the sun to earth. 80% of the total fuel mix is contributed by 
fossil fuel, as could be observed from Table 1. 
If the global growth rate of about 2 percent per year of primary energy use 
continues, it will mean a doubling of energy consumption by 2035 relative to 1988, and a 
tripling by 2055. In the past 30 years developing countries commercial energy use has 
increased at a rate three and a half times that of OECD countries. 
It is further observed that, although energy investment as a share of total 
investment varies greatly among countries, it is generally seen that 1.0 - 1.5 percent of 
GDP is invested in the energy sector. Just in the last hundred years during which the 
world's population more than tripled, human environmental insults have grown leaps and 
bounds. This has been mainly contributed to the 20 fold increase in the use of fossil ftiels. 
At every level, (local, regional, global), the environmental consequences of current 
patterns of energy generation and use make up a significant fraction of human impact on 
environment. 
1.1.1.1 Global environment issues 
As early as 1896, the Swedish scientist Svante Arrhenius had predicted that 
human activities would interface wdth the way the sun interact with the earth, resulting in 
global warming and climate change. The prediction is becoming more or less true mostly 
due to the indiscriminate use of fossil fuel. The following issues are considered to be of 
global significance [1]. 
• Ozone layer depletion 
• Land degradation 
• Air and water pollution 
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• Sea level rise 
• Loss of bio-diversity 
A very important aspect of the global environment degradation is that it affects all 
on a global scale irrespective of country, race or region. 
Fossil fiiels combustion is a major contributor to harmful emissions which 
aggravates the Ozone layer depletion. Sulphur, Nitrogen oxides. Carbon monoxide, and 
suspended particulate matter are the main pollutants. Acid deposition from fuel 
combustion is causing significant damage to natural systems, crops etc. affecting the 
entire eco-systems crossing national boundaries. In many regions, acidification has 
diminished the productivity of forests, fisheries and farm lands. Carbon dioxide (CO2) 
produced by fossil fiiel combustion, is the biggest source of the anthropogenic green 
house gas emissions that are changing the global climate system. To achieve a stable 
atmospheric CO2 concentration at any level would require that CO2 emissions be cut by 
more than half from current levels, may be within the next few decades. However, if the 
present trend is allowed to continue, current CO2 emissions will lead to more than a 
doubling of atmospheric concentration before 2070. 
1.1.1.2 Sustainable development 
The World Commission on Environment and Development (the Brundtland 
Commission) defines sustainable development as "development that meets the needs of 
the present without compromising the ability of ftiture generations to meet their own 
needs" [1]. While the development needs are recognized, it emphasizes that it must be 
based on the efficient and environmentally responsible use of all of society's scarce 
resources - natural, human and economic. 
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Promoting Equity 
Meeting 
International 
obligations 
Promoting 
health of 
people and 
ecosystems 
Figure 3. Multiple objective of sustainability 
Source: BEE 
Improving 
Quality of 
Life and 
Well-being 
Sustaining 
natural 
resources 
Agenda 21 set out recommendations for developed and developing nations 
regarding sustainable development strategies concerning clear air and water, water 
supply, energy, landuse etc. 
It may be noted that uncontrolled use of fossil fuel works diagonally opposite to 
the novel principles of Sustmnable Development. 
1.1.1.3 Oil depletion 
It is generally accepted that the world runs on oil. As the oil is termed as 'fossil 
fuel', the consensus is that it was formed in the past which means that the depletion has 
started the day the first barrel was consumed. The raging debate between the economists 
and natural scientists withstanding, the economist maintaining that the reserves.are 
constantly being renewed as they are extracted as Minerals are inexhaustible and will 
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never be depleted and the natural scientists maintaining that an oilfield contains what it 
contains, because it was filled in the geological past. 
But the general pragmatic thinking is that the reserve will not last long. As per 
Mr. Colin J. Campbell, the watershed for oil comes around 2010, followed five years 
later by the peak of oil and natural gas combined. The base case scenario projected by 
him (please refer Figure 4 below) points to 2010 but could come sooner, as per him, if 
economic recovery should drive up the demand for oil [2]. 
o 
m 
M 
M 
1 « 
« ^ W P T S * 
•_ ^ ^ S . 
•-.Ai^^^|^Pfljg|{j|^g^^^^^^j^^^J^^J^j|flj, 
' 'SHHHII^^^^SM^^B 
/^ ' ^ ^ ^ m n ^ i ^ ^ ^ ^ 'r.^ ^Kj.".~^ 
i«t«''i 
MM nn iM> WW iwN a i t 21a U M IMO 
iBCoiwenaonaaHejor BDeeturatef o Pear H N G L Q Gag t i Non-Con sat| 
Figure 4. All Hydrocarbons Base Case Scenario 2002 
Source: Forecasting global oil supply 
Oil, which provides about 40% of global energy needs, and about 90% of 
transport fuel is set to start to decline within about ten years. Mr. Campbell warns that 
world will have to learn to use less of oil. 
World demand drives the rate of depletion. The scenarios projected earlier 
assumes that demand will be on average about flat, giving a plateau of production until 
the five swing countries of the Persian Gulf are no longer able to offset the decline of the 
rest of the world. As per Campbell, this time should be expected to be reached around 
2010 when the demand is placed on these swing countries to produce over 20 Mb/d 
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(million barrels a day) or about 36% of world demand. The world production would then 
have to commence its long term decline (World Hubbert Peak) he predicts. 
1.1.1.4 Role of Renewable energy 
Renewable energy sources have the potential to provide energy services with zero 
or almost zero emissions of both air pollutants and green house gases. It is estimated that 
renewable energy sources supply 14% of total world energy demand. New renewable 
energy sources (other than traditional bio-mass) contributed to 2% of the world's energy 
consumption in 1998 [13], including 7 exajoules from modem bio-mass and 2 exajoules 
for all other renewables. Solar photovoltaics is growing at a rapid pace and is expected 
that it would reach about 10,000 MW of world production by year 2010. 
A rapid growth in renewable based energy systems will require highly 
imaginative policies and actions. Pricing based on the full costs of conventional energy 
sources (including phasing out subsides) will make renewables more competitive. 
'Green' pricing of electricity (from renewables) is considered to be an immediate option. 
Germany has been followdng this policy successfully over the last decade which had 
really pulled the solar PV market northward. 
1.1.2 Indian energy scenario 
The growth and development in industrialization, urbanization and modernization 
of agriculture have all contributed to an accelerated rate of growth in energy consumption 
in India. The electricity sector, especially has registered the maximum rise where 
consumption has doubled over the last decade (CMIE 2002). Electricity consumption has 
grown at a rate higher than the GDP and energy in the past two decades. 
 
 
 
 
 
  
 
 
 
1975 1980 1990 
Figure 5. Growth of energy, electricity and the Indian economy 
Source: Climate change and India 
Introduction 
1995 
It could be observed from the figure above that the aforementioned trend has been 
very much pronounced during the nineties. Electricity demand, growing at about 8.7% 
per annum during the nineties had out stripped the economic growth rate of 6.2% [4]. 
Electricity consumption per person, which was 90 kwh in the year 1970, increased to 
almost 400 kwh in the year 2000 [12]. However, in global comparison this is still very 
low, six times below the global average, and five percent of that in China [ 15]. It could be 
observed from the Ninth Plan document (Government of India) that the growth in 
electricity demand per annum is expected to continue at the rate of 8.7% even in year 
2012. The total installed capacity of electricity in India as on 31st March 2000 was 
97,837 MW [12]. As per 16* Electric Power Survey, over 1,00,000 MW additional 
generation capacity needs to be added by 2012 to bridge the gap between demand and 
supply of power [7]. The shortage, however, was estimated as 7.1% in energy and 11.2% 
in peak power in 2003-2004 [10]. It is note worthy that out of the total installed capacity 
of 112058 MW as on 31st March 2004, 69.57% was thermal power, 26.32% was hydro. 
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2.42% was of nuclear power and about 1.66% of wind power. In generation of electricity 
it IS expected that the share of thermal generation will go up and in that, the share of 
hydro carbon as compared to coal may be greater at the end of the Eleventh Plan 
(2011 -2012). 
1.1.2.1 OiJ availability, Import dependence 
In terms of electricity generation, the production was about 558 billion kwh in 
year 2003/04 (MoP 2004b). The contribution of thermal was 83.61%, that of hydro was 
13.22% and that of nuclear was 3.17%. Please refer Figure 6 given below: 
Hydro, 13,2 
Therm 
'uclear. 3.17 
Figure 6. Energy mix (generation) 2003/04 
It may be noted that as on March 2004, out of the 77968.53 MW of thermal 
generation capacity installed, nearly. 16.7% is the share of hydro carbon (MoP 2004). 
Although India has abundant coal reserves, due to the higher ash content we have 
been importing coal from Indonesia, New Zealand and Australia for power generation. 
On the oil and petroleum products front, India's net import of crude was about 90 
million tonnes, valued at about Rs.835280 million [11]. Projections of crude import 
indicate that import dependence which was 66% in year 1999 will rise to 80% by 2010 
[12] and around 92% of India's total oil demand by 2020. 
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1.1.3 Sectoral electricity consumption 
The electricity energy requirement increased form 545983 (MU) in 2002-03 to 
557264 (MU) in 2003-04 representing an increase of 2.43%. The all India energy sale 
during 2002-03 was 339598 GWh (gigawatt- hours) compared to 322459 GWh in 
2001-2002 representing an increase of 5.32% in sale [10]. The major consumers of 
electricity has been mainly grouped into the following categories. 
i. Domestic 
ii. Commercial 
iii. Industrial power 
iv. Railways / tram-ways 
V. Agriculture 
vi. Public water works and sewage pumping 
vii. Miscellaneous 
It could be seen from Table 2 below, that the industrial category of consumers had 
the highest share i.e. 33.85% of the total energy sold compared to 33.27% in year 
2001-02, registering an increase of 7.14%. 
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Table 2 
All India Energy 
Category 
Domestic 
Commercial 
Industrial 
Power 
Public 
lighting 
Railways/ 
Tramways 
Agriculture 
Public water 
works and 
sewage 
pumping 
Miscellaneous 
Total 
sales (utilities only) in 2001 
Energy sold Percentage 
2002-03 
(GWh) 
83355.08 
25437.25 
114958.76 
3974.92 
8796.91 
84485.95 
7898.70 
10690.70 
339598.27 
of total 
sales in 
2002-03 
24.55 
7.49 
33.85 
1.17 
2.59 
24.88 
2.33 
3.15 
100.00 
-02 and 2002-03 
Energy sold 
2001-02 
(GWh) 
79694.38 
24139.78 
107295.60 
3587.30 
8105.65 
81673.39 
7369.79 
10593.44 
322459.33 
Percentage 
of total sales 
in 2001-02 
24.71 
7.49 
33.27 
1.11 
2.51 
25.33 
2.29 
3.29 
100.00 
Percentage of 
increase in sales 
in 2002-03 over 
2001-02 
4.59 
5.37 
7.14 
10.81 
8.53 
3.44 
7.18 
0.92 
5.32 
Source: TEDDY 2003-04 
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An insight into the electricity consumption patterns of some of the major 
segments of the industry sector for the year 1996-97 (aggregate captive power) was 
brought out by TERI through their publication TEDDY 2000-2001 [12]. This 
information is reproduced as Table 3 below, because of its relevance to the subject. 
Table 3 
Electrical consumption pattern in select segments of Industry in year 1996-97 
Industry 
Iron and Steel 
Textile 
Aluminum 
Fertilizer 
Cement 
Chemical 
Subtotal 
Others 
Total 
Captive 
generation 
5457.55 
2979.13 
8208.00 
3638.22 
2403.12 
2331.40 
25017.42 
10070.70 
35088.12 
Total 
9797.84 
9004.43 
8549.51 
7212.75 
6787.63 
5760.19 
47112.35 
20387.0 
67499.75 
Percent of 
Total 
14.52 
13.34 
12.67 
10.69 
10.06 
08.53 
69.80 
30.20 
100 
Aggregate 
captive 
consumption as a 
% of total 
consumption 
55.70 
33.09 
96.01 
50.44 
35.40 
40.47 
53.10 
49.40 
51.98 
Source: TEDDY 2000-2001 
It could be inferred from the above that segments of Iron and Steel, Textile, 
Aluminum, Fertilizer, Cement and Chemical account for almost 70% of the electricity 
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consumption in the industry. 
1.1.4 Captive power generation 
1.1.4.1 Necessity 
It has been mentioned in the above section that industrial sector is one of the 
largest consumers of electricity in India. Most of the segments, especially Minerals and 
Metals, Textiles, Chemicals, Cement and Engineering have established captive power 
plants besides purchasing power fi^om Electric Supply Companies due to the widening 
gap between the demand and supply. For most of the segments in general and the specific 
segments studied in particular, reliable continuous power supply is very crucial especially 
for processes like Melting in Minerals and Metals, Twisters in Textiles, Melting, 
Refining and Forming in Glass manufacturing, most of the processes in Bio-technology, 
Kilns in Cement and Plating processes in Engineering. Therefore, Captive Power plants 
are widely deployed not only to supplement the electricity supplied by the utility 
company but also to ensure reliable and uninterrupted electric power supply. 
The captive power plants are employed in various modes like; 
a. the stand-by mode to meet a part or the full requirement of the plant in case of 
power failures; 
b. the peak-load mode to meet the requirement during peak demand, thereby 
reducing the maximum demand; 
c. the base-load mode, where a part or whole of the plants requirement is met on 
a continuous basis and 
d. the total energy mode, where it meets not only the power required but also 
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meets the heating and cooling of the plant through waste heat recovery 
scheme. 
1.1.4.2. Role of dieselpower generation 
CEA (Central Electricity Authority) estimates the all- India installed capacity in 
year 2002-03 of captive power plants at 18361.61 MW. As per CEA this is an increase of 
7.09%. The contribution of diesel in the total capacity of captive power plants is 
estimated to be 6831.25 MW next only to 9094.16 MW of steam based power plants. 
Captive power generation in select segments of the industries in 2002-2003 is 
given in Table 4. It could be observed from Annexure - 1 that 71% (4817 MW out of 
6736 MW in the financial year 2003-04) of captive power generation based on diesel 
takes place in the segments under study of; 
• Minerals and Metals 
• Textiles 
• Chemicals 
• Cement 
• Engineering 
It could also be observed that the aforementioned segments form 61% 
(11246 MW out of 18361 MW) of the total captive power installed capacity as on 
2002-03. 
 
 
 
 
 
  
 
 
 
Introduction 18 
Table 4 
Captive Power Generation as on ST' Mar 2003 
No. 
1 
1.1 
1.2 
1.3 
1.4 
2. 
3. 
4. 
5. 
5.1 
5.2 
5.3 
Segment 
Minerals and Metals 
Aluminum 
Iron and Steel 
Mining and quarrying 
Non - ferrous 
Sub total 
Textile 
Chemicals 
Cement 
Engineering 
Electrical Engineering 
Heavy Engineering 
Light Engineering 
Subtotal 
Total 
Grand Total 
Segments under study 
Diesel (MW) 
21 
443 
39 
149 
652 
1407 
944 
1075 
192 
143 
404 
739 
4817 
6736 
71% 
Total (MW) 
2050 
2224 
104 
380 
4758 
1639 
2445 
1582 
263 
143 
416 
822 
11,246 
18,361 
61% 
Source: TEDDY 2000-2001 
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1.1.5 Energy security and environment 
1.1.5.1 Energy security 
To borrow definitions of'•Energy Security" from the website of Planning 
Commission, quote: 
"The country is energy secure when we can supply lifetime energy to all our 
citizens as well as meet their effective demand for safe and convenient energy to 
satisfy various needs at affordable costs at all times with a prescribed confidence 
level considering stocks and disruptions that can be reasonably expected" 
One of the policy options considered for the above is by diversifying the energy 
mix by using different types of energy sources. It is considered that an economy that uses 
a mix of sources will be less dependant on one particular fuel and hence less vulnerable 
to supply disruption of imported sources. 
Our country's heavy dependence on imported crude and substantial import of 
coal, as indicated above, for power generation is a major cause of concern from the 
"Energy Security" perspective. In the case of oil, which is the major one with resources 
declining in other parts of the world, the Gulf region is likely to emerge with a much 
larger share of global oil supplies than in the past. It is reported that the share of imports 
of East Asia from the Middle East will rise from 70% in 1993 to about 95% in 2012 
(Feshanki, Clerk and Duangion 1995). With the kind of political instabilities seen in the 
region energy supply irregularities seem imminent. 
In the past one has seen the consequence of the sudden spurt in the petroleum 
prices effected by the oil producing countries, in mid-2000 and also in the recent past 
(almost US $80 per barrel), resulting in total disruption in economic activities across the 
world which were dependent heavily on imported pefroleum and petroleum products. 
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1.1.5.2 Climate change and sustainable development with respect to India 
One of the major contributors towards the enhanced level of concentration of 
green house gases (GHGs) leading to increased green house effect, is human activities. 
The impact to the entire earth system, due to additional warming of the earth's surface 
and atmosphere, threatening to change the climate due to such enhanced levels of 
concentration of these gases, has been more or less scientifically proved. The United 
Nations Framework Conventions on Climate Change (UNFCCC) was formulated in 1992 
in order to control such emissions and stabilize the levels of GHG concentration. It 
stipulates that parties to the convention protect the climate system (Kyoto protocol). 
India signed this multilateral treaty on June 10, 1992 and ratified the same on 
November 1, 1993. India has accorded top priority for GHG emission reduction by 
initiating steps on energy efficiency, fuel switching, afforestation and use of Renewable 
Energy Technology (RET). 
Growing industrialization, rising incomes, expanding urbanization and 
modernization of agriculture had all contributed to an accelerated growth in energy 
consumption in India. Electricity consumption has doubled over the last decade 
(CMIE, 2002). Carbon emissions have almost grown parallel to electricity use, as most of 
our generations are based on fossil fuels. Major electricity guzzlers in the industrial sector 
like Minerals and Metals, Cement, Chemicals etc. are major contributors to high 
emissions of GHGs. 
The Third Assessment Report of IPCC (IPCC 2001a) projected that under the 
combined influence of GHGs and sulfate aerosols, climate may warm globally by 1.4''C 
to 5.8°C by the next 100 years. On the Indian region the global warming is expected to be 
restricted to 1.4 ± Q3°C in the 2020s, 2.5 ± 0.4°C in the 2050s, and 3.8 ± 0.5°C in the 
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2080s [8]. It is also reported that the global sea level will rise and extreme events like 
excessive rain, droughts, cyclones and forest fires will happen more frequently. The 
combined effect of climate change therefore is likely to be disastrous. 
Of particular concerns to India due to climate change are; 
• Inadequate water availability due to recession of glaciers and reduced rainfall. 
• Threats to agriculture and consequently food security 
• Adverse impact on coastal systems 
• Impacts on human health due to diseases. 
It has been reported that power sector alone has a 40% contribution in the total 
carbon emission which is a major contributor to climate change. In this context it is 
imperative to develop and promote alternate energy source that can lead to sustainability 
of energy-environment system which is what sustainable developments aims at. 
It is worth mentioning here that each gigawatt-hour of electricity generated by 
SPV, rather than burning coal, prevents up to 1052 tonnes of CO2 emission. 
1.1.6 Foreign Exchange conservation 
India's oil import bill during April-October, 2005-2006 is expected to be about 
US $24.29 bn which is 44.51% higher than oil import valued at US$ 17.24 in the 
corresponding period of the previous year. Any effort to substitute a part of this import 
will lead to substantial foreign exchange savings [3]. 
It is estimated that India consumes about 50 million tonnes of diesel every year 
This translates to about 365 million barrels. At around US $55 per barrel this works out 
to about US $20 billion (at 1 barrel = 0.137 tonnes). 
Therefore, any saving in the usage of diesel by alternate technologies (with low 
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import content) will help to conserve precious foreign exchange. 
1.1.7 Solar Photovoltaic power system as a substitute for diesel power generation 
1.1.7.1 Stand- alone Solar Photovoltaic system 
A typical Stand-alone Photovoltaic system is composed of an array converting 
sunlight into electricity. Electrical current flows into a bank of batteries through a charge 
controller (regulator) that protect the batteries from overcharge or over discharge. By 
using a DC-DC converter, required levels of DC voltage can be obtained if the loads to 
be connected are of DC types and, if the loads are of AC type a DC-AC inverter may be 
needed. 
Benefits [9] 
• The amount of solar energy incident on the earth's surface is approximately 
1.5x18'^  kWhlyear^hxch is about 10,000 times the current aimual energy 
consumption of the entire world. 
• This source of energy is inexhaustible and is available free of cost and at all parts 
of the world. 
• Photovoltaics technology requires no transportable fuels, produces no pollution in 
the form of ashes, wastes or noise. 
• The simplicity of operation and very low maintenance costs make the 'life cycle' 
cost of photovoltaic system much lower than that of traditional options for several 
applications. Economically, PV costs are more accurately predictable -a factor 
which is not characteristic of fossil fuel or nuclear power sources. 
• Inherent 'modularity' and reliability of PV finds a major role for its remote and 
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distributed applications. 
• Combined with anticipated cost reductions PV is meaningfully poised for a 
phased growth into larger and more significant market sectors. 
• Basically PV technology is environmentally benign. Each gigawatthour of 
electricity generated by PV, rather than by burning coal, prevents upto 
1052 tonnes of CO2 being spewed into earth's atmosphere. 
1.1.8 Ministry of Non-Conventional Energy Sources (MNES) 
Certain excerpts from the Annual Report 2002-2003 of MNES reads as follows, 
quote: 
"Nature took a thousand years to create the fossil fuels such as coal, oil and gas that 
are consumed by human being in a single day. The oil stocks of the last few 
decades of the twentieth century prompted planners to view energy security as an 
issue of national strategic importance... There is global agreement that fossil ftiel 
stocks are limited and at present rates of consumption would last only a few 
decades... Global wanning has come to stay, caused largely by green house gas 
emissions from energy generation systems based on fossil fuels. India can hardly 
afford to overly depend on fossil fuels considering the high cost of imported 
petroleum products." 
Ministry of Non-Conventional Energy Sources (MNES) is the nodal Ministry of 
the Govenmient of India for all matters relating to new and renewable energy. MNES has 
been created to develop alternatives to problems caused by fossil fuel usage mentioned 
above. Its mission is cited as: 
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i. Energy Security: Development and deployment of alternative fuels (hydrogen, 
bio-fuels and synthetic) to contribute towards bridging the gap between domestic 
crude oil demand and supply, 
ii. Development and Deployment: Renewable (bio-energy, wind, hydro, solar, 
geothermal and tidal) energy to supplement fossil fuel based electricity generation; 
iii. Technology Ladder for Traditional Biomass: More efficient and cleaner 
conversion of biomass for meeting the energy needs of cooking, lighting and 
motive power in rural areas: 
iv. Availability, Accessibility, AfFordability: Normative levels of energy supplies to 
energy deficient sections of the population; and 
V. Per-capita Energy Consumption: Consumption to be at par with the global average 
level by 2050, through a sustainable fiiel-mix. 
In a little over two decades, MNES has been able to develop and establish sound 
policy to tap the potential for renewable energy sources. The result has been the creation 
of a sound infrastructure in India in areas of technology development, manufacturing, 
applications and financing, especially in Solar Photovoltaics. 
The focus of the thesis is in line with the objective of Government of India of 
large scale promotion and population of Renewable Energy Systems to substitute fossil 
fiiel based ones. 
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1.2 The present study 
1.2.1 Basic work 
Efforts have been made through the earlier sections of this chapter to bring home 
the necessity of finding out a viable substitution for addressing the rapidly growing 
Captive Power Generation by the usage of diesel. The factors dealt are: 
i. Energy Security 
ii. Climate Change 
iii. Sustainable Development and 
iv. Foreign Exchange Conservation 
Basic work for this thesis focuses on the industrial sector where the share of 
Captive Power Generation using diesel generators is the highest. A few firms were 
selected in some of the major segments of the industrial sector to study the energy usage 
pattern and Stand-alone Solar Photovoltaic Systems have been designed to supply the 
equivalent energy requirement. The study was conducted based on structured 
questionnaires and actual visit to the firm for detailed discussions with the competent 
authorities. 
Details on methodology of data collection, sample frame etc. are given in 
Chapter - 4. 
The study is primarily to understand the techno-economic feasibility, on Life 
Cycle Cost basis, of substituting the present Diesel Generators by Stand-alone Solar 
Photovoltaic Systems of suitable design (designed as a part of the thesis for supplying 
equivalent energy). The Life Cycle Cost has been computed for a period of 20 years. 
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from year 2006 to 2026. 
The most important input that influences the diesel power generation cost is the 
price of diesei. To forecast the price of diesel, the time tested "Time Series Forecasting'" 
has been applied using the Software enabled tools. This has been done by tracking the 
price trend of diesel in the years 1994 to 2005. 
The independent variables considered for this purpose are: 
• Price of crude 
• Foreign exchange parity 
• Customs duty 
• Diesel power generation installed capacity 
• High Speed Diesel consumption in transport sector 
• Light diesel consumption in transport sector 
• Fuel oil consumption in transport sector 
The modus-operandi for selection of the aforementioned independent variables 
for forecasting the price of diesel (the objective function) and justification for selection of 
these parameters are given in Chapter- 4, in detail. 
1.2.2 Development approach adopted for economic analysis 
The development task has three parts as given below: 
i. Development of the MINITAB and SAS models and validation techniques for 
testing the hypothesis for diesel forecasting, 
ii. Design and development of Stand-alone Solar Photovoltaic Systems for supplying 
the equivalent electrical energy, 
iii. Economic analysis of both the scenarios, namely, Diesel Power Generation and 
Solar Electricity. 
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Development work of (ii) and (iii) was taken from the 'System design' and 
'Economic Analysis' model given in the course manual 'Photovoltaic System Design', 
authored by Florida Solar Energy Center, Florida (FSEC-GP-31-86) [6] as basic frame 
work. However, certain modifications have been carried out on the model, based on the 
experience of the author of this thesis (More than 14 years in the SPV industry) and other 
references to suit the present cases under study, especially for the Indian conditions. A 
dynamic mathematical model has been derived for the system design of Solar 
Photovoltaic System to supply equivalent energy currently supplied by diesel generators. 
1.2.3 Aims and Objectives of the study 
Following are the aims of conducting this study 
• To understand the share of Diesel Generation (50 KW to 5 M W) in the Indian 
Industry by intensive study on sample firms in the core industries and 
extrapolation. 
• To bring out significance of energy costs on the performance of the select 
industries. 
• Cost / price forecast of Diesel Generation and Solar Photovoltaic for the next two 
decades (2006-2026) using appropriate model. 
• The impact of energy costs under the two scenarios mentioned under para 3 above 
through the selected industries in the manufacturing segment. 
• To bring out the implications in management decision making, as furnished 
below, from such a study. 
o Decision making capabilities at the General Management (Profit Cenfre 
heads) for Captive power at firm's level (Sfrategic Management, Energy 
conservation. Energy Audit). 
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o Energy Security/ Foreign Exchange Management / Oil resources 
Management at Planning Commission, and at the appropriate Ministerial 
levels of Government of India. 
To attract focus of the Government and the industry, the enhanced role to be 
assigned to solar photovoltaics in particular and renewable energy in general. 
FoUowdng activities were undertaken in connection with the abovementioned 
Formulation of a model for forecasting diesel price taking into consideration most 
of the dependable variables and plotting the past trend from year 1994 onwards. 
Adopting the 'Photovoltaic System Design" model of Florida Solar Energy Center 
Course Manual (FSEC-GP-31-86) [6] to suit Indian conditions on technical 
parameters for system design and economic parameters for economic analysis for 
select firms. 
Captive power (diesel) generation analysis for select firms in following segments: 
i. Minerals and Metals 
ii. Textiles 
iii. Chemical 
iv. Cement 
V. Engineering 
Development of the MINITAB and SAS forecasting tools for forecasting diesel 
price for applications of the same in forecasting the Life Cycle Cost of electrical 
energy produced using the 'Design and Economic analysis model' (of Florida 
Solar Energy Center) for Indian conditions. 
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• Comparative study of Life Cycle Costs for captive power generation under the 
two scenarios of Diesel Power Plants and Stand - alone Solar PV Power Plants. 
1.2.4 Structure of the study 
Chapter-1 gives an overview of the global energy scenario and that of India. The 
chapter deals with the background of the study undertaken, problem identified and 
solution considered. 
Chapter - 2 reviews the literature pertaining to the substantive concern of the 
proposed research. The factors covered are: 
• Linkage between growth of economy and energy usage 
• Role of electricity 
• Uncontrolled growth in the usage of diesel 
• Growth of captive power generation to bridge the gap through use of diesel 
generators 
• Distribution of diesel power generation in various segments 
• Solar Photovoltaics as a substitute 
The theoretical perspectives covered are: 
• Industry process (Casting, Textiles, Chemicals, Cement, and Engineering) 
• Diesel Power Generation Technology (Engine, Alternators) 
• Solar Photovoltaics 
y Crystalline Silicon 
o Material^-— Amorphous Silicon 
Others 
o Solar window 
o SPV-DG Hybrid System 
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o SPV-Stand alone system (Design Concepts) 
• Multiple Regression: MINITAB and SAS 
• SPV System Design 
Particular focus has been given to overview previous studies on: 
o Oil availability 
o Foreign exchange usage 
o Climate change 
o Solar PV/DG Hybrid System 
o Solar PV Stand alone system 
o Multiple regression using MINITAB and SAS 
o SPV design concepts 
o Life Cycle Cost Analysis 
Chapter - 3 presents an overview of the energy consumption pattern in the select 
segments. The energy usage pattern is brought out here. Further, energy and economic 
impact of power generation system for the select segments under the two scenarios are 
presented here. 
Chapter - 4 deals with the methodology adopted for the research work. It is 
structured in the follovsdng manner: 
4.1 Objective of study 
4.2 Forecasting and testing of hypothesis (using software enabled statistical 
tools) 
4.3 Research design 
• Specification of the type of data 
• Manner in which these are to be collected 
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• Unit to which they pertain 
4.4 Source of data, sample, sample size, sample technique 
• Universe of data 
• Sampling frame 
• Sampling procedure 
• Unit of observation and sampling size 
4.5 Data collection 
• Types of data that are proposed to be gathered 
• Source for each type of data and the tools and techniques used for 
collecting different types of data 
• Distribution of questionnaire and schedule of meeting 
Chapter- 5 narrates the Analysis and Finding of the study. A sensitivity analysis 
is carried out for the two scenarios under three different price situation of diesel. 
Chapter- 6 is used for providing the Recommendations and Conclusions of the 
study. 
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CHAPTER - 2 LITERATURE REVIEW 
2.1 Energy and Economy 
Rajkamal, K. P. Maheshwari and R. L. Sawhney in their book "Solar Energy and 
Energy Conservation" mention, quote: "Throughout the history of the human race, major 
advances in civilization have been accompanied by increase in the rate of energy 
consumption. Today, energy consumption appears to be directly related to the level of 
living of the populace and the degree of industrialization of the country" Unquote: [28]. 
To prove their point, they cite a Figure which is reproduced below, which shows 
the relationship between per capita energy consumption and the level of living as 
measured by the value of the per capita gross national product for the various countries of 
the world. 
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Figure 7. Dependence of the gross national product (in 1998 US dollars) on energy 
consumption for various countries of the world. 
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They go on to add that some of the countries who have large supplies of low-cost 
energy are using those supplies as a potential political and economic weapon to achieve 
political ends that could not be realized through normal diplomatic channels and because 
of this "energy black mail" the people of the energy-dependant countries of the world are 
becoming increasingly aware of the importance of the conversion and conservation of 
energy along with the development of new energy sources. 
Dr. Clive Beggs, through his book 'Energy and the environment' brings out that 
the GDP of any nation is related to its energy consumption. He emphasizes through 
Table 5 reproduced below that per capita energy consumption has increased as societies 
have become more advanced and industrialized. 
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Table 5 
Historical overview oj per capita energy consumption 
Period and location Type of society Characteristics Estimated daily per 
capita energy 
consumption 
Very early 
1000000 BC 
Gatherers 
H unter-gatherers 
4000 BC Middle 
East 
AD 1500 Europe 
Settled farmers 
Agricultural with 
small scale industry 
AD 1900 Europe Industrialized society 
AD 1990 USA, 
Western Europe 
etc. 
Advanced 
industrialized society 
Gathered wild fruit, 
nuts and vegetables 
Gathered wild fruit 
etc., hunted and 
cooked food 
Sowed crops and 
kept animals 
Agricultural society 
with specialized 
industries producing 
metal, glass etc. 
Large scale industry 
mass production 
large cities 
Consumer society, 
mass transport, many 
labour saving devices 
2000 kCal (8.2 MJ) 
4000 kCal 
(16.4MJ) 
12000kCal 
(49.2 MJ) 
21000kCal 
(88.2 MJ) 
90000 kCal 
(378 MJ) 
250000 kCal(l GJ) 
Source: Energy: Management, Supply and Conservation 
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He points out that the first humans were simple gatherers who lived off wild fruit. 
nuts and vegetables. As time progressed, he states that, the energy consumption 
increased; first came agriculture and then came industrial practices; the smelting and 
working of metals and increased trading of goods and materials. It is estimated, he sa\s. 
that per capita energy consumption rose from approximately 4000 kilo calories per da\. 
in the age of the hunter-gatherer, to approximately 21000 kilo calories per day, in Europe 
prior to the Industrial revolution. The dramatic increase in energy consumption continued 
throughout the twentieth century and more societies became industrialized to such an 
extent that in technologically advanced countries such as the USA, per capita energy 
consumption has reached approximately 2,50,000 kilo calories per day. He, therefore 
argues that there is a strong link between per capita energy consumption and economic 
growth. Through certain Figures (reproduced) below, derived from the World 
Development Report for 1990 produced by the World Bank, he maintains that a strong 
correlation exists between GNP and energy consumption. 
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Further, he points out that in recent times a 'decoupling of the relationship' in 
many advanced countries has been observed as seen in the 'energy intensity' which is 
defined as the ratio of energy used to GDP. One of the reasons he cites, other than the 
price of energy, is the changes in technology. 
It is indicated in the "World Energy Assessment, September, 2000" that although 
energy fuels economic growth, most current energy generation and use are accompanied 
by environmental impacts at local, regional and global levels that threaten human well 
being now and well into the future. It further elucidates some of the aspects of the un-
sustainability of the current systems as: 
• Modem fuels and electricity are not universally accessible, an inequity that has 
moral, political, and practical dimensions in a world that is becoming increasingly 
interconnected. 
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• The current energy system is not sufficiently reliable or affordable to support 
widespread economic growth. The productivity of one-third of the world's people 
is compromised by lack of access to commercial energy, and perhaps another 
third suffer economic hardship and insecurity due to unreliable energy supplies. 
• Negative local, regional, and global environmental impacts of energy production 
and use threaten the health and well-being of current and future generations. 
It is imperative, therefore, to recognize the fact that one of the very important 
inputs to development has to be energy but not the way the current practices are harming 
the mankind, but with more focus on energy intensity and adoption of Renewable Energy 
Technologies in a big way. 
A United Nations Publication "Trade and Environment, Issues and options for 
India" [17] very interestingly sums up the linkage of development and resource 
utilization at the macro level as follows: 
"Economic growth is the by-product of a complex web of technological, social, 
demographic and political developments. The tenacious link between growth and 
environment also appears to have several dimensions. On the one hand, economic growth 
has been directly linked to increasing use of resources. If this link could be weakened by 
reducing the material intensity of production and more efficient usage of resources, there 
would be many advantages for both industrial and developing countries. On the other 
hand, there are many environmental challenges which emerge not so much fi-om growing 
affluence (or economic growth) but from growing poverty." Further, the article proceeds 
to state "As industrialization and urbanization take hold in developing countries, and as 
the lifestyles, modes of consumption and high-energy-use pattern of the industrialized 
economics differ world-wide, the risk looms ever larger than that as over the next fifty 
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years there will be a fourfold increase in energy demand in the de\ eloping countries." 
The article brings home further the proposition that any sustained economic growth will 
have to be based on technologies that husband's the 'Earth' factor i.e. the environment 
and more specially energy. It forecasts that the situation wdll demand more research and 
investment in energy saving and environment friendly technologies. One of the "Policy 
Options" recommended by the article for the national level is: 
"Moving to sustainable, environment friendly consumption patterns, including 
through reduction in resource use in developed countries and regeneration of 
renewable resources in developing countries" 
Switching to more focused recommendations "TERl Energy Data Directory and 
Yearbook, 2003/04" points out that as energy is recognized as one of the most significant 
inputs for economic growth and human development, energy sector in India has received 
a high priority in the planning process at the macro-level. Its share of funds has risen 
from 15% in the Third Five Year Plan to 27% in the Tenth Five Year Plan. However, the 
growth in this sector has not been able to cope with demand. 
The article further continues, stating that the annual GDP (Gross Domestic 
Product) growth rate has risen fix)m 4.4% in 2000-01 to 8.1% in 2003-04. The high 
growth rate it states, is due to a sfrong agriculture recovery of 9.1% and the GDP from 
the two sectors of industry and service sectors accelerating from 6.4% and 8.4% 
respectively in 2003/04. 
It may be noteworthy that overall GDP growth rate has been buoyed by a strong 
growth in the indusfrial sector. The article fiuther points out that with an expected GDP 
growth of 8% by the end of the Tenth Five - Year Plan, the energy demand is expected to 
grow at 5%. It also mentions that India's incremental energy demand for the next decade 
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is projected to be among the highest in the world spurred by sustained economic growth. 
On a different note the article points out that Renewable Energy Technologies 
(RETs) offer a viable option to meet the twin objectives of higher growth and conserving 
natural resources. It also mentions that India has today among the world's largest 
programs for renewable energy. The MNES, they say, is promoting several programs by 
trying to tap the potential of renewable sources in India. 
It is therefore obvious that there is a strong relationship between economic 
development and energy and the focus all over the world in general and India in 
particular has been to catch up with the demand (especially in the industrial sector) by 
use of Renewable Energy Sources with the objective of sustainable development. The 
study contributes towards this novel objective. 
2.2 Role of Electricity and the widening demand-supply gap 
As per the "Drafl Report of the Expert Committee on Integrated Energy Policy", 
prepared by Planning Commission, Government of India in December, 2005, to deliver a 
sustained growth of 8% through 2031, India would need to grow its primary energy 
supply by 3 to 4 times and electricity supply by 5 to 7 times of the current consumption. 
By 2031-32 power generation capacity would have to increase to 778095 MW. 
The installed generation capacity of the utilities in the country as on March 2004 
is 112058 MW; 3952 MW was added in year 2003-2004. Although the power supply 
position improved marginally, there were supply and peaking deficits to the tune of 7.1 % 
and 11.2% respectively. These are some of the observations made in TEDDY 2003-2004 
[36]. As per the 16* Electric Power Survey [CEA], over 1,00,000 MW additional 
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generation capacity needs to be added by 2012 to bridge the gap between demand and 
supply of power. Based on a review by the Ministry of Power, Government of India a 
capacity addition of 46,500 MW has been fixed for Central Public Sector Undertaking 
and 41,800 MW by SEBs /State Utilities and private sector. As per the integrated 
approach, for clean power, adopted capacity addition targets of 6400 MW through 
Nuclear power and 10,700 MW through Non-Conventional resources have been fixed for 
the period up to 2012 [29]. Coal has been identified, due to the large coal reserves in the 
country, as the mainstay fuel for power generation till 2012. However, concerns relating 
to pollution and the disposal of the large amount of ash fi-om coal based power stations 
have been expressed. 
India is endowed with vast energy resources and therefore, meeting the additional 
capacity demand of over 1,00,000 MW is to have an effective policy to tap the non-
conventional energy sources. Accordingly, Ministry of Non-Conventional Energy 
Sources has recently announced a National Renewable Energy Policy envisaging capacity 
addifion of about 10,000 MW during the time fiame 2002-2012. The policy mentions 
that attainment of efficiency and cost goals is of paramount importance since by year 
2100 aroimd 40% energy needs has to be met by Solar Energy. This, it states, is feasible 
since the energy of the sun received on the planet is 6000 times the current global energy 
requirement. 
As per TEDDY 2003-2004 report, the electrical energy requirement increased 
fi-om 545983 (MU) in 2002-03 to 557264 (MU) in 2003-05 representing an increase of 
2.43%. The major consumers of electricity has been grouped in to the following 
categories (CEA 2003). 
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i. Domestic 
ii. Commercial 
iii. Industrial Power 
iv. Railway / Tram ways 
V. Agriculture 
vi. Public water works and Sewage pumping 
vii. Miscellaneous 
As per the Table 2, "All India Energy Sales in 2001-02 and 2002-03", the 
industrial category of consumers had the highest share i.e. 33.85% of the total energy 
sold by Utilities. As per a study by TERI in 2000-2001, it was observed that 70% of the 
electricity consumption in the industry is accounted by the following segments: 
• Iron and steel 
• Textiles 
• Aluminum 
• Cement 
• Chemicals and 
• Fertilizer 
To bridge the growing demand-supply gap the segments Minerals and Metals, 
Textiles, Chemicals, Cement and Engineering, largely were found to be using diesel 
power generation for Captive power back-up. This was almost about 73% of total diesel 
power generation [1] in 1999 and 71.48% in 2004 [Annexure -1] . 
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2.3 Captive power generation and deployment of diesel generators 
In the absence of a structured survey in recent times, one need to refer the 
'1999 Captive Report' published by Power line Research for various 'mix' (size and fuel 
type) [1] of captive power generation in the segments under study. Information, provided 
in the report in the form of 'tables' relevant to the subject under study, is reproduced 
below as Table 6 to Table 10. 
The '1999 Captive Report' mentions that in year 1999, captive capacity in India 
grew by at least 1700 MW. The total captive power, as per the report, stands at 
21500 MW in year 1999. The growth rate was almost 8.5%. This growth is attributed to 
the inability of the State Electricity Boards (SEBs) to meet the power requirements of 
industry in quality and quantity. 
Table 6 
Status of captive plants in the country as on 1998-99 
Total installed capacity of utilities (MW); Thermal, Hydel and Nuclear 93,249 
Tracked captive capacity (MW) 14,705 
Estimated captive capacity (M W) 21,500 + 
Total tracked capacity (utility plus tracked captive); MW 107,954 
Total estimated capacity (utility plus estimated captive) 114,749 + 
Captive contribution based on trackable capacity (%) 13.6 
Captive contribution based on estimated capacity (%) 18.7% 
Source: 1999 Power line research 
It could be observed that about 18.7% of the total capacity was from captive 
power generation. Further, it could be seen from Table 7 below that Diesel based power 
generation sets account for about 41% of the total captive power generation. 
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Table 7 
Captive Power Generation - By Fuel Type 
Fuel Type Captive Power Capacity (MW) % Share 
Steam 
Diesel 
Gas/ Naphtha 
Hyde! 
Thermal Unclassified 
Total 
6,317 
6,081 
2,135 
24 
148 
14,705 
43 
41 
15 
0 
1 
100 
Source: 1999 Power line research 
Table 8 
Capacity by size by fuel (MW) 
Size Range 
(MW) 
1-5 
5.1-10 
10.1-25 
25.1-50 
50.1-100 
100.1-250 
250 + 
Total 
Steam 
343 
637 
1025 
787 
631 
941 
1953 
6317 
Diesel 
1875 
1215 
1942 
678 
371 
0 
0 
6081 
Gas/ 
Naphtha 
23 
74 
134 
669 
871 
365 
0 
2135 
Hydel 
2 
0 
22 
0 
0 
0 
0 
24 
Thermal 
Unclassified 
4 
9 
15 
30 
90 
0 
0 
148 
Total 
2247 
1934 
3139 
2164 
1962 
1306 
1953 
14,705 
Source: 1999 Power line research 
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Table 9 
Share of fuel type in size C/o) 
Size Range 
(MW) 
1-5 
5.1-10 
10.1-25 
25.1-50 
50.1-100 
100.1-250 
250 + 
Steam 
15 
33 
33 
36 
32 
72 
100 
Diesel 
83 
63 
62 
31 
19 
0 
0 
Gas/ 
Naphtha 
1 
4 
4 
31 
44 
28 
0 
Hydel 
0 
0 
0 
0 
0 
0 
0 
Thermal 
Unclassified 
0 
0 
0 
1 
5 
0 
0 
Total 
100 
100 
100 
100 
100 
100 
100 
Source: 1999 Power line Research 
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Table 10 
Share of Industry in fuel type (%) 
Industry 
Cement 
Chemicals 
Electronics 
Engineering 
Jute 
Metals and 
Minerals 
Miscellaneous 
Paper 
Services 
Sugar 
Textile 
Unclassified 
Total 
Steam 
7 
10 
0 
30 
1 
28 
2 
6 
0 
11 
4 
0 
100 
Diesel 
18 
15 
1 
14 
2 
6 
12 
3 
2 
4 
20 
3 
100 
Gas/ 
Naphtha 
0 
39 
0 
5 
0 
29 
2 
1 
0 
0 
22 
1 
100 
Hydel 
0 
0 
0 
50 
0 
0 
0 
0 
0 
0 
50 
0 
100 
Thermal 
Unclassified 
10 
61 
0 
0 
0 
0 
0 
20 
0 
0 
9 
0 
100 
Source: 1999 Power line Research 
Referring to Tables 9 and 10 above, one could infer the following: 
• Cement and Textile segments have a distinct preference for diesel based power 
plants. 
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There is a strong relationship between the size of the plant and the choice of fuel 
type-
Smaller plants, in general run on diesel. 
83% of the plants in the range of 1-5 MW run on diesel. 
20% of diesel generation is in Textiles 
18% of diesel generation is in Cement 
15% of diesel generation is in Chemicals 
14% of diesel generation is in Engineering 
The inference is validated by the observations in 2003-04 'Mix' as shown in 
Table 11 below: 
Table 11 
Diesel power generation - Share of Industr)>. a comparison in percentage (%) 
Sr. No. Segment 1999 (PLR) 2004 (TEDDY) 
1 Minerals and Metals 6 9.67 
2 Textiles 20 20.88 
3 Chemicals 15 14.01 
4 Cement 18 15.95 
_5 Engineering [4 10.97 
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As the principal objective of the research is a perspective study on Diesel and 
Solar Photovoltaic Power in energy intensive industries focusing on 50 kW to 5 MW 
range, the study vsdll be focusing on the segments of Minerals and Metals, Textiles, 
Chemicals, Cement and Engineering. Tables 12 and 13 below provide relevant 
information pertaining to 1-5 MW size in the segments under study. 
Table 12 
Capacity in industry by size (MW) 
Industry 
Cement 
Chemicals 
Electronics 
Engineering 
Jute 
Metals &. 
Minerals 
Miscellaneous 
1-5 
86 
183 
53 
325 
100 
114 
276 
5.1-
10 
191 
184 
12 
225 
55 
204 
172 
10.1-
25 
841 
314 
0 
401 
64 
246 
227 
25.1-
50 
404 
770 
0 
220 
0 
252 
92 
50.1-
100 
0 
907 
0 
128 
0 
645 
143 
100.1-
250 
0 
115 
0 
941 
0 
0 
0 
250+ 
0 
0 
0 
655 
0 
1298 
0 
Total 
1522 
2474 
65 
2894 
219 
2759 
909 
Source: 1999 Power line Research 
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Table 13 
Share of industry in size group (%) 
Industry 
Cement 
Chemicals 
Electronics 
Engineering 
Jute 
Metals & 
Minerals 
Miscellaneous 
1-5 
4 
8 
2 
14 
4 
5 
12 
5.1-
10 
10 
10 
1 
12 
3 
11 
9 
10.1-
25 
27 
10 
0 
13 
2 
8 
7 
25.1-
50 
19 
36 
0 
10 
0 
12 
4 
50.1-
100 
0 
46 
0 
7 
0 
33 
7 
100.1-
250 
0 
9 
0 
72 
0 
0 
0 
>250 
0 
0 
0 
34 
0 
66 
0 
Source: 1999 Powgr line Research 
The aforementioned trend of growth in captive power generation will continue to 
be high, as long as the availability of power from State Electricity Boards (SEB) continue 
to be limited and the 'gap' in demand-supply for power generation exists. The situation 
has become more worse as the agriculture sector's share of total consumption has 
increased while the share of industrial consumption has decreased over the years. 
Another factor contributing to growth in captive power generation is the loss of 
production due to inadequate, low quality and erratic power supply of SEB. SEBs have 
not been able to cater to the growing thirst for power of the industry. Peak shortages in 
some states are as high as 40%. The national peak shortage is at an alarming 11.2% 
(MoP 2004) which converted to absolute power works out to almost about 9508 MW. As 
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a result, there are scheduled and unscheduled power shedding in various states. SEB 
power is plagued with frequency and voltage fluctuation which can lead to substantial 
damage to equipment. It also leads to tremendous loss of production particularly in 
industries involving continuous process where each shutdown and start-up involves 
substantial expenses. 
2.4 Oil usage 
As per a report published in the website "www.indiaonestop.com" India's 
commerce minister indicated that imports during the period Apr-Oct, 2005-06 stood at 
US $75.03 bn representing an increase of 33.08% over the level of imports valued at 
US $56.38 bn in April-October, 2004—2005. In rupee terms, as per the report, the imports 
increased by 27.89%. 
Oil imports during April-October 2005-06 are valued at US $24.91 bn which is 
almost 33% of the aggregate imports into the country. It also represents an increase of 
44.51% of oil imports valued at US $17.24 bn in the corresponding period last year. The 
report goes on to state that oil imports zoomed by 19.00% in the year 2004-05. The 
import valued at US $29.08 bn represents about 27.43% of the total import value of 
US $106 billion. The import value in 2004-05 registered an increase of 41.23% over 
US $20.59 bn in the corresponding period last year. It is interesting to note that the 
country's trade deficit for fiscal 2004-05 is estimated at US $26,527 bn approximately 
same as the oil import bill. 
In a similar report appeared in "Deccan Herald" dated 20"^  March 2004, the 
Petroleum Secretary, Mr. B. K. Chaturvedi was reported to have said that India's oil 
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import bill, during the first 11 montiis of Fiscal 2003-2004 stood at Rs.75,387 crorcs 
registering a 9% increase. He also mentioned, it is reported, that "The surge in oil import 
bill is due to spiraling rise in international crude oil prices." Further he added, the report 
states, that the country imported 82.3 million tonnes of crude oil during April-February 
in 2003-04 compared to 74.942 million tonnes in the corresponding period in 2002-
2003. 
A break-up of the sales of petroleum products is given in TEDDY 2003-2004. 
The Figure given is reproduced below: 
Naphtha/NGL 
Figure 10. Share of each petroleum product in the total petroleum, oil, and lubricants 
sales for 2003/2004 
Source: TEDDY 2003/04 
It can be observed from the figure that HSD (High Speed Diesel) has a share of 
35% and LDO (Light Diesel Oil) has a share of 1%. A detailed breakup of the demand of 
the petroleum products is given in Table 14 below: 
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Table 14 
Comparative increase in the sale of petroleum products 
Petroleum products 
2002/03 
(1000 tonnes) 
2003/04 
(1000 tonnes) 
Growth (%) 
Liquefied petroleum 
gas 
Motor spirit 
Naphtha/NGL 
High speed diesel 
Light diesel oil 
Lubricants 
Fuel oil / low sulphur 
heavy stock 
Bitumen 
Others 
8351 
7570 
1962 
Aviation turbine fiael 2271 
Superior kerosene oil 10404 
36645 
2064 
1250 
12738 
2986 
7885 
Total 104126 
9308 
12473 
3120 
9380 
106553 
11.46 
7923 
11735 
2473 
10207 
36870 
1583 
1481 
4.66 
-1.90 
8.89 
-1.89 
0.61 
-23.30 
18.48 
-2.08 
4.49 
18.96 
2.33 
Source: TEDDY 2003/04 
In earlier sections, I have brought out that diesel based power generation has a 
major share in captive power generation. Another sector of use of oil is transport. A 
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break-up of the consumption trends of HSD and LDO for the period 1990-91 to 2001-02 
is given in Annexure - XXXVI. 
Diesel has thus become the mainstay of our economy. Almost all captive power is 
generated from diesel and so also goods transportation. Moreover, most of the 
mechanization in agriculture is based on diesel. Nearly half of our total consumption of 
petroleum products is diesel. Wastage is rampant in the distribution and use of diesel in 
addition to inefficient conversion due to obsolete engine technologies. 
Global oil supply is expected to decline over time. New oil is coming from 
offshore discoveries in deep waters, at considerably higher risk and cost. The demand for 
sweet oil (low sulphur content) is climbing rapidly, driven by emission control limits for 
automobiles as well as refineries. 
It is estimated that we consume about 50 million tonnes of diesel every year. Our 
projection is about 4% CARG in demand of petroleum products over the next 25 years. 
Diesel demand is expected to grow at 7 to 8% per year. Thus broadly we are looking at a 
demand of about 100 million tormes of diesel in, say about 10 years. 
On a short-term perspective, a recent news paper report (The Times of India dt. 
18* May 2006: Annexure - IV) quoting an OPEC monthly report, suggests that the world 
oil demand would grow in 2006 by 1.4 million barrels per day (bpd) or by 1.7% to total 
84.6 million bpd. It is reported that the demand growth is expected to come mainly from 
China, increasing by 500,000 bpd. The demand for OPEC oil was expected to average 
28.6 million barrels per day in 2006, an upward revision of 100,000 bpd. 
It is estimated that by the year end OPEC will increase its overall production 
capacity to around 33 million bpd (highest level seen in the last 25 years) and non-OPEC 
supply is expected to average 51.5 million bpd. The growth estimates for 2006 of 3.4% 
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for the U.S., 1.9% for the Euro - zone, 2.7% for Japan s^^^l^^^^^i^v^'"^,^ P^sh the 
world GDP growth for 2006 to about 4.7% which is likely to sustain for years to come. 
This will put tremendous strain on the oil supply market. 
Oil prices are volatile. After the first Gulf war after a spike prices slumped to just 
above US $10 per barrel in 1998. 
Jan 1985 
Figure 11. Price of West Texas Intermediate crude 
Oct 2004 
Source: Economicsenarios.com 
On 28* September 2004 oil price broke the US $50 a barrel figure. Global oil 
demand for 2004 went up by about 3.2% fi-om 2003 levels at about 83.6 million bpd. 
Pressure exerted by the above market situation will be heavy on India. India 
imports approximately 80% of its crude requirements. Price of diesel in India, just as in 
any other country, is therefore highly volatile. 
India's demand for petroleum products is likely to rise fi-om 97.7 million tonnes in 
2001-02 to around 139.95 million tonnes in 2006-07. The plan document puts compound 
annual growth rate (CAGR) at 3.6% during the tenth plan period. Domestic crude oil 
production is likely to rise marginally from 32.03 million tonnes in 2001-02 to 33.97 
million tonnes by the end of the 10* plan period (2006-2007). As shown in Figure 12, 
92% of India's total oil demand has to be met by imports. 
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1 9 9 7 201 o 2 0 2 0 
H Net imports H Domestic production 
Figure 12. India's Oil Balance 
Source: Bureau of Energy Efficiency 
As per a Planning Commission document (Dec 2005), the reserves of crude oil are 
merely 739 MMT. It can sustain the current level of production for 22 years and is less 
than 6 years worth of our level of consumption in 2004-05. Last decade has not seen any 
significant step up in the crude oil reserves despite large investments. 
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Table 15 
Reserves / Production of Crude oil and Natural gas 
Year 
1970-71 
1980-81 
1990-91 
2000-01 
2001-02 
2002-03 
2003-04 
2004-05(P) 
(provisional) 
Crud oil (MMY) 
Reserves 
127.84 
366.13 
738.60 
702.51 
732.22 
740.55 
761.10 
739.08 
Production 
6.872 
10.507 
32.160 
32.426 
32.032 
33.044 
33.373 
33.981 
Natural gas (BCM) 
Reserves 
62.48 
351.31 
686.45 
760.01 
762.95 
750.71 
853.48 
922.80 
Production 
1.445 
2.358 
17.998 
29.477 
29.714 
31.389 
31.962 
31.777 
Source: Draft report of the Expert Committee on Integrated Energy Policy 
The crude oil production has stagnated as could be seen from Table 15 and the 
gap between the demand and domestic availability of crude oil is widening. 
Consequently, India's import dependence will keep rising. 
The aforementioned scenario is highly detrimental to energy security. Energy 
security means the availability of energy at all times in various forms, in sufficient 
quantities, and at affordable prices. This condition must prevail over the long term if 
energy is to contribute to sustainable development. 
Options to enhance energy security include (WEA) 
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• Avoiding excessive dependence on imports (may be development of renewables) 
• Diversifying supply (suppliers and energy forms) 
• International co-operation (long term agreement) 
• Encouraging technology transfers (Clean Development Mechanism) 
• Increasing reserves 
It could therefore be seen that there has to be tremendous focus on Renewable 
Energy Technologies. 
2.5 Diesel power generation 
A DG set consists of a prime mover and an alternator. The prime mover is 
generally, a compression ignition engine, which depending on its design can run on either 
HSD (high speed diesel), LDO (light diesel oil), LSHS (low sulphur heavy stock) or other 
fractions. In the prime-mover the heat energy of the fiiel is converted into mechanical 
energy through the rotary motions of the output shaft of the engine. Electrical power is 
generated by the alternator which is directly coupled to the output shaft of the engine. 
It could, therefore, be said that the DG set consists of two main subsystems as in: 
• an internal combustion engine sub-system 
• an alternator subsystem 
Although, internal combustion engines are considered to be highly energy 
efficient (relative to external combustion engine), the absolute value of efficiency hovers 
around 25 to 30% only. It is to say that nearly 70 to 75% of the fuel (diesel mostly) burnt 
is wasted. 
Typical energy distribution of an internal combustion engine is given below in 
Figure 13. 
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'' ' 
Exhaust 
(34%) 
Energy 
(100%) 
•" 
Energy cooling 
(30%) 
• " 
indicated 
horse power 
(36%) 
• " 
• < ' 
Frictional and 
other losses 
(10%) 
i 
Brake horse 
power 
(26%) 
Figure 13. Typical energy distribution in an internal combustion engine 
Source: Handbook on energy audits and managements 
It could be observed from the figure, that of the total energy input (in terms of 
fuel burnt), 34% is lost through the exhaust, 30% to the coolant and only remaining 36% 
is converted to usefiil work, defined as Indicated Horse Power. Of this another 10% is 
lost through engine fnction and other losses. To summarize, out of about 100 units of 
energy that goes into the system, only 26% is available at the output shaft. 
It may, therefore, be noted that in the context of diesel (non) availability 
mentioned in earlier sections, extensive use of diesel engines will be a criminal waste. 
Traditionally synchronous alternators are used. New developments have been 
towards brushless alternators. 
Efficiency of a DG set is the Combined efficiency of the engine and the 
alternator. The overall efficiency of the DG System is defined as the number of units of 
electricity generated per liter of fuel consumption. This is denoted as Specific Electricity 
Generation Ratio (SEGR) with the unit of kwh / litre. Typical values of SEGR for 
different sizes of DG sets is given below: 
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Table 16 
Recommended SEGR values for different diesel generation set ratings 
Rating (kVA) Recommended SEGR (kwh / litre) 
1450 3.84 
1100 3.88 
625 3.73 
608 3.50 
550 3.50 
500 3.84 
400 3.69 
310 3.30 
250 3.20 
180 3.07 
175 3.00 
166 3.00 
160 3.00 
120 3,00 
Source: Handbook on energy audits and managements 
The extent to which a DG set is loaded has a significant impact on its operating 
efficiency. Figure 14 below illustrates a typical relationship between the amount of 
loading and the efficiency level. 
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Fuel consumption 
(milliliters/ kWh) 
600 
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400 
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Rated load (%) 
Figure 14. Effect of loading on the efficiency of a diesel generator set 
Source: Handbook on energy audits and managements 
It could be observed from the figure that at part load operation, the efficiency of 
the DG set drops with a consequent reduction in SEGR. It becomes very sensitive at 
loads below 60% and is a function of the ratio of actual output to rated capacity. 
Therefore, it is important that the sets are optimally loaded to derive the best SEGR. 
A typical chart provided by a leading DG set manufacturer reflecting the fuel 
consumption per hour at 75% loading of the generator is given in Annexure - II. 
A list of major engine and alternator manufacturers is given in Annexure - III 
Investigations reveal that market share enjoyed by the principal players in the country is 
as follows: 
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1) Cummins - 40% 
2) Kirloskar Oil Engine - 25% 
3) Caterpillar - 25% 
4) Greaves - 5% 
5) AshokLeyland - 5% 
The market size for the range 100 KVA - 1000 KVA is expected to grow at about 
30% per annum till year 2012. 
In terms of the cost break up, it has been observed that the engine has the 
maximum share of about 40% of the cost of the system and the alternator, acoustic 
enclosure and control panel has about 20% cost each. Central Pollution Control Board do 
insist these days provision of canopy (acoustics enclosure) which has increased the price 
of the DG system by almost 20%. Stringent emission standards stipulated by Ministry of 
Environment and Forests. Govt, of India has [Notification no. 318 dt .luly 11, 2002] also 
has given rise to substantial increase of the cost of Generators. Please refer Annexure-Vl. 
Technologically, there has been very little change in the DG systems as per the 
investigations conducted by the author of this thesis. The only major change has been in 
the coupling arrangement of the engine and the generator before year 1995. However, 
CPCB (Central Pollution Control Board) regulations has brought in the provision of RTV 
(Canopy) in the installations, to reduce the noise levels. 
It has been observed that the price has no relation to the cost as the demand -
supply gap of DG sets has also been widening due to the declining conventional power 
situation. This is especially true for ratings beyond 250 KVA. 
The price of diesel power generation will very much be influenced by the diesel 
price as most of the DG systems under study work on Light Diesel Oil which is a blend 
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of ftimace oil and high speed diesei oil (HSD) in which HSD is a major component (60-
70%). However, for size of DG systems above 2000 KVA (outside the scope of the 
study) furnace oil is extensively used. It has generally been found that pollution levels are 
substantially high with furnace oil and the extra cost of emission control measures 
partially offset the advantages of cheaper furnace oil. 
2.6 Solar PhotovoUaic Technology as a substitute for diesei power generation 
2.6.1 Concepts and state-of-the art 
2.6.1.1 Solar PV Concepts 
Solar energy is available in abundance and fortunately under developed countries 
are generously endowed with it. The amount of solar energy incident on the earth's 
surface is approximately 1.5 x lO'* kwh/year which is about 10000 times the current 
annual energy consumption of the entire world. The density of power radiated from the 
sun (referred to as 'Solar Energy Constant') is 1.373 kW/sq mtr. Peak power density of 
1 kw/sq. mtr at noon, in tropics is provided by the net incident sunlight since part of the 
radiation is absorbed and scattered by the earth's surface. Solar cell is a device which 
converts solar energy photons to DC current and voltage and the associated technology is 
termed as Solar Photovoltaics. 
2.6.1.2 A bit of history 
Photo-generated electricity was first discovered in an electrolyte by Edmond 
Bequrrel in 1839, who noticed that, when light was directed onto one side of sample 
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electro chemical cell, the generated current could be increased. The first solar cell 
(approx. 2% efficiency) based on Se and CU2O was fabricated in year 1930 by Lange. 
Those were used as photovoltaics in camera. Further a single crystal silicon cell with 6% 
efficiency was demonstrated by Pearson and Fuller in year 1954. Space worthy Si cells 
on a pilot plant basis was developed thanks to the need for electrical power in satellites. 
Further, large scale commercial development of single crystal based silicon PV 
technology was necessitated by needs of reliability and efficiency. 
A combination of evaporation and chemical conversion technologies known as 
the Clevite Process, developed by Clevate Corporation led to Research and Development 
in thin film solar cells. Chiltik discovered hydrogenated amorphous silicon (a-Si:H) in 
1969. However, the degradation of performance of these cells (called Staeber-Wronski 
effect) reduced the pace of development of amorphous silicon cells. Meanwhile, the 
compulsion to cut down cost led to the development of multicrystalline (mc) SiPV 
technology, where the most energy intensive silicon purification and crystal grov^ng 
processes were eliminated [8]. 
2.6.1.3 Some Concepts 
Solar Irradiance 
The amount of solar power available per unit area is known as irradiance and 
usually denoted as watts/m^. The peak value used is 1000 watts / m .^ According to the 
weather and the sun's location in the sky, the irradiance fluctuates. The location 
constantly changes throughout the day due to changes in both the sun's altitude (or 
elevation) angle and its azimuth (or compass) angle. 
Figure 15 below shows the two angles: 
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a = the sun's altitude or elevation angl£ 
= the sun's az imuth 
^-'' \t\l 
Figure 15. Sun's location in the sky 
Source: Photovoltaic system design 
2.6.1.4 Solar Constant 
A photovoltaic device that is outside the earth's atmosphere and that maintains, 
normal incidence to the sun's rays receives a nearly constant rate of energy. That quantity 
is called solar constant which is approximately 1.36 kW/m^. However, terrestrial 
applications of photovoltaic devices must take into consideration two more variables, in 
addition to solar constant, namely: 
i. Geometric effects 
ii. Atmospheric effects 
/. Geometric effects 
There are three factors to be considered under this, 
The earth's rotation about its axis produces hourly variations in power intensities 
at a given location on the ground during the day time and produces almost no output 
during the night time. Also, depending on the location in earth, the energy required varies 
with respect to season (summer or winter). Figure 16 below illustrates the seasonal 
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changes in the sun's path for a given location. The example shows that in the winter, the 
sun rises in the southeast, sets in southwest and has a very short path. The angle of rise 
also is quite shallow to the horizon at moon. However, in summer it rises in Northeast, 
sets in Northwest has a longer path and rises to a much longer angle above the horizon at 
noon. 
Summer altitude 
Figure 16. Sun paths for 28° N. altitude 
Source: Photovoltaic system design 
2.6.1.5 Solar Window 
It could be seen from Figure 17 below that the solar window represents the 
effective area through which useful levels of sunlight pass throughout the year for a 
specific location. 
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South 
North 
East Sun's path 
June 21 
Figure 17. The Solar window 
Source: Photovoltaic system design 
7. Receiver Orientation 
Depending on the demand of electricity throughout the year 'receiver" (solar PV 
array) orientation varies. If the demand is constant, for a stand alone system the 
orientation is based on "worst month" or "worst season" or "annual average solar 
insolation". However, if the demand varies significantly, the array should have a tilting 
arrangement. Array in the northern hemisphere should be south facing, and those in the 
southern hemisphere should be north facing. For fixed orientation systems, this tilt angle 
i.e. between array surface and the horizontal is equal to 90°. For suntracking devices the 
angle is varied. 
a. Atmospheric effects 
The combination of reflection, absorption, refi-action and scattering (atmosphere 
and climate effects) causes high variations in radiation levels at any given location at the 
earth's surface. Radiation received at any location, therefore, is both direct and diffused. 
Air mass, defined as 1/ cos F (where F is the angle between the sun and directly 
overhead) is used to reflect the atmospheric effects. Air mass indicates the relative 
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distance that light must travel though the atmosphere to a given location. 
As there is no effect on account of air attenuation immediately outside the earth's 
atmosphere, this condition is referred to as air mass zero (AMO). Air mass one (AMI) 
corresponds to the sun being directly overhead. Air mass (AMI .5) is the one which is 
normally considered for design purposes. The following formula is used to calculate the 
value of air mass at any given time and location. Attenuation will be higher at higher 
value. 
Sun's rays 
h=height 
• > 
Air mass ^ 1 + 
Figure 18. Angle of incidence for air mass 
2.6.1.6 Solar Spectrum 
The sun radiates power over a continuous spectrum composed of Ultraviolet, 
Visible and Infrared Radiations. The sun's total energy is composed of 7% ultra-violet 
radiation, 47% visible radiation and 46% infrared radiation. Solar Photovoltaic cells 
primarily use visible radiation. Figure 19 below illustrates the relative amounts of power 
in various wave lengths. 
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Figure 19. The Solar spectrum 
Source: Photovoltaic system design 
Infrared radiation also contributes to the production of electricity from crystalline 
silicon. Furnished below are certain important effects of the atmosphere on spectral 
energy distribution. 
• Certain wave lengths of light are absorbed more by the atmosphere. 
• The composition of the atmosphere and how much length the light has to travel 
determines the amount of spectral distribution reaching earth. 
• Light waves pass through more atmosphere in the morning and evening than in 
the noon. 
An average value of 1.5 air mass (AM 1.5) is taken as standard atmosphere 
especially, for determining the module output. 
2.6.1.7 Solar Insolation 
This is a very important parameter used for computing energy output from solar 
PV array. Different types used here are Peak Sun Hours, Daily average and Annual 
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average solar insolation. Solar insolation is radiant energy per unit area. It is determined 
by summing solar irradiance over time. The unit of solar insolation is kwh/m per day. It 
may be recalled that solar irradiance is power per unit area. 
Figure 20 below shows how peak sun hours are determined by constructing a 
graph having the same area as that for actual irradiance versus time. 
A1 = A2 Peak 
H 
Peak sun 
6 8 10 12 2 4 6 
Time of Day 
Figure 20. Peak sun hours 
Source: Photovoltaic system design 
0 2 4 6 8 10 
Equivalent Time (hours) 
2.6.1.8 Solar PV Modules 
As the solar cells have limited linear dimensions, a number of cells are to be 
interconnected to provide required voltage and current to the 'load'. These are 
encapsulated using a material such as Ethylene Vinyl Acetate ( EVA) between a 
transparent window and a moisture - proof backing to insulate and protect them. As the 
PV cells are less efficient at higher temperatures, modules are mechanically designed as 
not to retain the 'solar heat' and mounted so as to permit natural cooling. Figure 21 
bellow depict the structure of a commercial module. 
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Figure 21. Structure of a commercial module 
Source: SPV Power Generation Using PV Technology-Vol. 1 
The electrical performance of a module is more or less identical to a solar cell. It 
is shown in Figure 22 below. 
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Figure 22. Characteristic curve 
Source: Photovoltaic systems 
Following parameters need to be considered while selecting a module for use: 
a. Open-circuit Voltage - Voc 
b. Short-circuit Current - Isc 
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c. Voltage Corresponding to MPP - Vmp 
d. Current Corresponding to MPP - Imp 
e. Maximum power - Pm 
Generally, the aforementioned values are compared to a solar irradiation of 1000 
W/m^ with a spectrum of AM 1.5 and solar cell temperature of 25°C. 
Another very important feature connected with solar PV module performance is 
the Normal Operating Cell Temperature (NOCT). 
NOCT is that value of cell temperature which is reached when the incident solar 
radiation is 800 w W , ambient temperature is 2(fC and wind velocity is 1 meter/second. 
2.6.1.9 Solar PV Array 
Depending on the load power requirements, modules are interconnected in series 
or parallel to constitute a PV array. 
Figure 23 below is a representation of cell to array. 
Poooooooai 
Solar Cell Module Solar generat ion 
Figure 23. From solar cell to solar generator 
Source: Photovoltaic System Design 
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Diagram of an array of modules and the resulting I-V characteristics is shown 
below: 
150 300 
V = Voltage (volts) 
Figure 24. Sample Array 
Source: Photovoltaic System Design 
Diodes are used in two ways in a photovoltaic array. Brief details are given 
below: 
i. Blocking Diodes 
These are placed in series with a module to prevent current from flowing 
'backwards' through to modules. Those, particularly, prevent discharge of batteries at 
night. 
ii. By-pass Diodes 
When a cell gets shaded from the sun, an open-circuit can exist in which there is 
no current flow. By-pass (or shunt) Diodes are used to shunt-current, so that the other 
cells and modules continue to produce power in the PV array. 
 
 
 
 
 
  
 
 
 
Literature 74 
2.6.1.10 Solar Power Systems 
Being intermittent, the electricity produced by solar PV array needs to be properly 
controlled, stored and distributed. The two major possibilities currently prevalent are (i) 
Battery storage and (ii) Feeding to the grid. 
The focus of this thesis being 'stand alone' system with battery storage, that is 
dealt in detail here. 
Stand-alone or Autonomous solar PV system 
It may be noted that many devices are needed between the array and the load to 
provide electrical power. 
A typical stand-alone photovoltaic system is composed of an array converting 
sunlight into electricity. Electrical current flows into a bank of batteries through a charge 
controller (regulator) that protect the batteries from overcharge or over discharge. By 
using a DC-DC converter required levels of DC voltage can be obtained if the loads to be 
connected are of DC types and if the loads are of AC type a DC-AC inverter may be 
needed. 
A schematic diagram of a Stand-alone PV system is shown below. 
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CHARGE 
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Figure 25. Schematic diagram of a Stand-alone PV system 
Details about the Battery and Inverter are given in later sections. 
Figure 26 below depicts a range of PV system configurations operating into 
different load conditions. 
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Figure 26. PV system configurations 
Source: Comparative Study of Photovoltaic Technologies for Large Scale Terrestrial 
Applications 
2.7 Theoretical perspectives 
2.7.1 Industry Processes of select firms 
2.7.1.1 Minerals and Metals 
Casting Process 
The metal casting industry is one of the most energy - intensive manufacturing 
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sectors with the melting process accounting for over half (55%) of 
consumption. The melting operation (heating metals to turn them into liquids for pouring) 
involves a series of steps that incur material and energy losses. 
The extent of the losses depends on the furnace design, the fuel used and method 
of imparting heat to metals. 
Melting of metals, glass and other material have been a vital manufacturing 
process producing molten liquid that can be poured and solidified into useful shapes for 
many years. The most energy consuming process is the melting process - a multi step 
operation where the metal is heated, treated, alloyed and transported into die or mould 
cavities to form casting. The melting process is not only responsible for the energy 
consumption but also is critical to the control of quality and properties of the final 
product. 
Figure 27 given below illustrates the percentage distribution of process energy 
costs in metal casting. 
Heat Treatirent 
6% 
Goremaking 
8% 
Moldmaking 
12% 
Mehing 
55% 
Figure 27. Process energy costs in metal casting 
Source: Advanced Melting Technologies 
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The melting of any industrial metal used in manufacturing involves the following 
1. Preparing the metal and loading 
2. Melting the metal 
3. Refining and treating molten metal 
4. Holding molten metal 
5. Tapping molten metal 
6. Transporting molten metal 
The focus of this thesis is on the electricity requirements primarily for melting 
process. 
Furnace is deployed for melting the metal. This operate in extreme environments 
where several components - molten metal, furnace linings, atmospheric gases, and 
products from combustion of fuels- coexist at very high temperatures. 
Figure 28 below gives a schematic of melting process. 
Energy (natural gas, 
fuel, electricity, coke) 
Air 
Fluxes & Alloy Elements 
Base Metal 
Conductive, Convective, 
and Radiant Heat Losses 
Fuel Gas 
Dross/Slag 
Molten Metal 
Figure 28. Schematic diagram of melting process 
Source: Advanced Melting Technologies 
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A melting furnace derives its heat from solid fuels, natural gas, electricity or other 
sources of energy. The firms studied for this thesis use electricity. The operating 
temperatures depend on the melting and pouring temperature of the materials being 
melted and range from about 350°C to 1700°C (for alloy steels). The firms studied for 
this thesis use induction fiimaces and crucible fiimaces. 
Induction melting is more sensitive to quality of charge materials when compared 
to other types of furnace. Induction stirring provides excellent metal homogeneity. 
CI>o«>(Mci«i 
Loda 
Figure 29. Schematic diagram of induction furnace 
Source: Advanced Melting Technologies 
The induction fiimace employs constant power tracking and medium, frequency 
induction power supplies for batch melting. The batch melting furnace empties the 
furnace after each cycle, reducing the power required for holding. The power units 
incorporate heavy duty silicon controlled rectifies (SCRs) that are able to generate both 
the frequency and the amperage needed for batch melting and achieve electrical 
efficiency levels exceeding 97%. Some of the largest commercial units are capable of 
melting at nearly 60 tonnes per hour and small furnace with very high power densities of 
700 to 1000 kwh/ tonne can now melt a cold charge in 30 to 35 minutes. 
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Crucible furnace is the least expensive melting method preferred for melting 
small volumes of non-furnace metals. As these are easy to tap and charge with another 
alloy, they are popular in jobbing foundries and die casting shops. Energy efficiency of 
crucible furnace is low at 7 to 9%. 60% of the heat loss is attributed to radiations. 
2.7.1.2 Textiles 
Process in brief 
Textile segment is one of the major electricity consuming sector. For this thesis, 
I have focused on two textile firms one involved in Linen yam, Synthetic yam and 
Worsted yam and another involved in polyester viscose yam. Common processes are 
machine oriented namely coning, drawing, twisting etc. These machines not only 
consume large power but are also highly susceptible to fluctuations and intermptions. 
2.7.1.3 Chemicals 
(a) Glass Manufacturing 
Glass manufacturing irrespective of the final product requires four major process 
steps: 
• Batch preparation 
This is the step where the raw materials for glass are blended to achieve the 
desired final glass product. While the main components in glass are high quality sand 
(silica), limestone, and soda ash, there are many other components also are added. 
• Melting 
Once mixed the batch is charged to a melting fiamace. Melting of the batch is 
accomplished in many different ways including electrical heating. 
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• Refining 
It is the combined physical and chemical process occurring in the melting 
chamber during which the batch and molten glass are freed of bubbles, homogenized and 
heat conditioned. 
• Forming 
Forming is the step in which the final product begins to take shape and may 
involve casting, blow forming, sheet forming fiberisation etc. 
• Post - forming 
Some products require post forming procedures like annealing, tempering, 
lamenting and coating. 
A typical diagram for container glass production line is given below in Figure 30; 
The firm under study in this segment belong to container glass. It can be observed fi-om 
the diagram that the process is highly electrical energy intensive. 
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Figure 30. Container glass production line 
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(b) Bio-technology 
Biotechnology can be broadly defined as using living organisms or their products 
for commercial purposes. All living organisms are composed of cells that contain a 
substance called DNA in the chromosomes. The structure of DNA molecules contains 
information that is used by cells as 'recipe' for the organism. The 'words' for the DNA 
recipe, called genes are derived from a 4-letter alphabet (A,C,G,T) and usually contains 
between 1000 and 10,000 letters. 
The entire recipe called genome may contain between 4 million (simple bacteria) 
and 3 billion (human) letters or more. 
Biotechnology deals wdth genetic engineering where specific DNA genes for 
many desirable traits are identified and transferred to another organism. 
Such processes need highly conditioned environment (electrically supported) and 
reliable clear power supply. 
2.7.1.4 Cement 
Process in brief 
Portland cements are hydraulic cement composed primarily of hydraulic calcium 
silicates cements set and harden by reacting chemically with water. This process is called 
hydration, in which, cement combines with water to form a stone-like mass. When the 
compound of cement and water is added to sand and gravel, crushed stone etc. it acts as 
an adhesive and builds the aggregate together to form concrete. Limestone, Clay and 
Sand are the most common raw materials representing calcium, silica, alumina and iron 
components. Calcium is derived fi-om limestone, marl of chalk while silica, alumina and 
iron come from sands, clay and iron ore sources. 
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The manufacturing process follows the equation as given below: 
Limestone + Clay + Heat = Clinker + CKD + Exit Gas 
Material temperature exceeds 2700° F in the processes. Modem manufacturing 
processes required to produce Portland cement require enormous equipment and 
machinery, large amount of heat and electricity and state-of-the-art computer and 
instrumentation technology. Electricity is the blood line of such a manufacturing process. 
The process follows the flow diagram as given below. 
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Sand Iron 
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Raw materials proper 
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Storage s 
Raw r 
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Storage 
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Q u a r r y 
Figure 31. Cement manufacturing process 
The most important operation in the process is the Kiln. A cement kiln is a huge 
inclined rotating fiimace. As the raw material of limestone, clay etc, tumble toward the 
3400° F flame, a chemical reaction transforms them into clinker which is ground together 
with gypsum to form Portland cement. 
As lot of heating and drives are involved in the cement manufacturing process, the 
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firms are highly energy intensive. For example, the firm studied at Kolkata which works 
only on Captive Diesel Power Generation has installed capacity of 11 M W, although the 
operation at Kolkata is only Grinding and packing. 
2.7.2 Diesel power generation technology P][10][12][18] 
In a diesel generator system the cost of the generator (Alternator) is about 20 to 
25 %, that of engine is about 60% and control panel, base plate etc. cost the balance. 
However, with the new regulation of Central Pollution Control Board on noise levels, a 
canopy needs to be added from year 1995 onwards for containing emissions and this has 
enhanced the cost of the engine and the system by about 20% [Discussion with 
Mr. Madhusudan, Director, Kirloskar Electric Company] 
) 
Figure ii.Coupling arrangement up to 1995 
Figure 33. Coupling arrangement with canopy after CPCB regulation 
Technology wise slip ring alternators are used for small range machines. 
However, one development has been usage of Brush less alternators. 
The focus on research has been on improving the specific fuel consumption. Not 
much headway has happened so far. As per records, in 1983 the SFC was 
252gms/bhp/hour. However, the current SFC levels hover around 215gms/bhp/hour. 
The largest manufacturer of engines in the world today is Yanmar of Japan. They 
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produce at the rate of about 1000 engines per day. A general price-size trend curve is 
given below: 
2000 
1000 I -"^  
a: 
25 250 1000 
KVA 
Figure 34. Price-Size trend curve 
Price has no relation to cost in Indian market today since there has been high 
demand for DGs of rating beyond 250 KVA, due to deteriorating power situation. 
Cummins, Kirloskar Oil Engines and Caterpillar are leading manufactures of 
engine in India. 
2.7.3 Solar Photovoltaic 
2.7.3.1 Materials 
Photovoltaic cells (Modules) for terrestrial application were produced on a 
commercial basis on a small scale in the 1970s with the first semi-automated plant 
introduced in 1980s. Early forms were very expensive because of difficulties in the 
preparation of sufficiently high grade silicon. Early research had focused on selenium and 
cuprous oxide cells. Selenium cells developed in 1941 were with an efficiency of 1%. 
Solar PV Technology developments, so far, were mostly focused on material for 
cells and modules. Aim of new technology developments was always to achieve cost 
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reductions. Efficiency of a solar cell, in general, is computed as: 
„ . FF X m Efficiency = Ee kT ho 
— X Isc 
Source: Photovoltaic System 
Where, 
FF = Fill factor 
A = Area of solar cell (m ) 
Eg = Energy band gap (I) 
e = Elementary electronic charge ( 1.6 x 10"'^  c) 
k = Boltzmann constant ( 1.38 x 10'^ ^ J/K) 
T = Temperature (K) 
I so = Material dependant characteristic current (amp) 
Isc = Short circuit current (amp) 
^ = Proportionality constant between Isc and solar radiation (Am /W) 
With different values of Eg and Iso, the theoretical maximum efficiencies for 
different materials are calculated. 
Figure 35 below gives an insight into the current efficiencies of the various PV 
cell technologies. It could be seen from the Figure that commercial modules are still only 
achieving about half of their theoretical maximum efficiency. 
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Figure 35. Efficiency of PV Cell Technology 
Source: SPV Power Generation Using PV Technology - Vol. - 1 
• Theoritical 
• Laboratori 
DBest Practical 
• Commercial 
The various state-of-the art technologies discussed here are: 
i. Monocrystalline silicon solar cells 
ii. Poly crystalline silicon solar cells 
iii. Amorphous silicon solar cells 
iv. Cadmium Telluride (CdTe) thin film solar cells 
V. Copper Indium Diselenide solar cells 
vi. Others - emerging technologies 
a) Monocrystalline silicon solar cells 
Nearly 90% of the solar cells manufactured all over the world are fabricated using 
crystalline silicon. These have been used as semi-conductors almost over the last 
hundred years in diodes, ICs etc. It is because of its wide availability as a raw material for 
the electronics industry. 
The raw material for the process is silicon oxide (Si02) available either in the 
form of quartz sand or converted into metallurgical grade silicon (MgSi) in a furnace 
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through a reduction process using coal. MgSi contains 98% Si and 2% impurities. In a 
chemical process called Chemical Vapor Deposition, silicon nuggets are produced. This 
is by making Si02 react with Hydrogen and Chlorine. The silicon nuggets are melted in a 
crucible and using the Czocharaslki method, in a Crystal Puller, Silicon ingots are 
produced. The ingots are cut by wire saw into wafers of 200-250 micron thick which is 
both expensive and wasteful of silicon material. In the crystal pulling process, accurate 
temperature control - within ± O.TC of a melt at 1420''C - in an inert environment is 
required. After cutting, grinding and polishing - all labor intensive - the wafers are put 
through a gaseous diffusion process involving the bonding of another material. 
Efficiencies of more than 23% have been obtained with silicon cells in the 
laboratory but on commercial basis it is around 14-15%. Best commercial modules 
presently have efficiencies of around 17-18%. 
b) Poly crystalline silicon solar cells 
As one does not require silicon with such purity levels, as required for 
manufacturing of semiconductors for solar PV, many firms have developed methods to 
produce polycrystalline silicon blocks which can be used for cell manufacturing. The 
silicon purification process (CVD) and crystal growing process (both highly energy 
intensive) are eliminated in multicrystalline process. Scrap silicon (of low purity) is used 
here for a process called 'casting', done in furnaces, to produce slabs of silicon which is 
then sliced into wafers (similar to Monocrystalline) for subsequent processes. Reported 
efficiencies are of the order of 12-14%, marginally lower than 'Monocrystalline' at the 
commercial level. 
In the year 2004, the global production of multicrystalline was about 54% against 
26% of mono, showing an extremely favorable trend towards multicrystalline [Photon 
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Magazine]. The main reasons for the same cited are: 
• Reduced wastage of silicon 
• Reduced electricity consumption 
• Efficiency at closer levels of Mono 
Crystalline modules are taken for the design of equivalent SPV systems for this 
study 
c) Amorphous silicon solar cells (aSi) 
Unlike crystalline cells, atoms are arranged in a haphazard manner in a-Si 
modules. It became a good candidate for solar cells after it was found that it can absorb 
almost 40 times more light than monocrystalline silicon. Therefore, solar cells made of 
amorphous silicon could be very thin (= 1 fi m) and thus fabrication material required is 
very less. 
The a-Si solar cells are deposited (PEC VD) which facilitates usage of large area, 
flexible and cheap substrates such as stainless steel and polymer thin foils. Presently the 
deposition process is limited by the low deposition rate and the cost of producing high 
quality TCO (Transparent Conductive Oxide) layers. Because of this and also the low 
volume of global production, the price of a-Si modules is only marginally lower than 
c-Si modules. It has, however, been seen that production has been increasing as shown in 
Figure 36 below. 
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Figure 36. Production of a-Si modules 
Main advantages of a-Si modules are as follows: 
• High optical absorption 
• Larger band gap 
• Less material consumption 
• Low energy consumption during manufacture 
• Possibility of automation of the manufacturing process 
Disadvantages, particularly are the following: 
• Low stabilized efficiency; Highest lab efficiency of a-Si cells is about 13.5% 
commercial level is about 7%. 
• Light induced degradation (Staebler-Wronski effect) is another disadvantage 
which reduces the power output till stabilization. It is customary, therefore, for 
a-Si manufacturer to supply higher wattage modules initially. 
d) Cadmium Telluride Solar PVcells (Cd. Tel) 
Cd.Tel has an energy gap of 1.45 eV as a solar absorbing material. Modules have 
tested efficiency of around 8%. 
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e) Copper indium diselenide 
It exhibits highest optical absorption of all PV material. The best devices under 
this category has used cadmium sulphide (CdS) as the n-type material. 
A brief classification of the major PV module technologies is given in Figure 37 
below: 
PV CELL/ MODULE TECHNOLOGIES 
SILICON BASED TECHNOLOGIES COMPOUND SEMICONDUCTOR 
BASED TECHNOLOGY 
Single Crystal Mult! Crystal Amorphous 
— Cast 
Ribbon 
Grown 
Emerging 
Technology 
Single 
Junction 
Multiple 
Junction 
—Spheral Si 
Thin film 
Crystalline Si 
on low cost 
substrates 
- GaAs 
InP 
CujS 
CdS 
- CdTel 
- CulnSez 
Figure 37. Classification of PV Technologies 
Source: Comparative study of Photovoltaic Technologies for Large Scale Terrestrial 
Application 
J) Some emerging technologies 
• Gallium Arsenide Solar cells are considered due to: 
o With increase in concentration of radiation the electrical power increases 
more rapidly than the increase in radiation 
o Decrease in solar cell power with increasing temperature is much less than 
that of silicon cells. 
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o However, one of the major disadvantages is the low availability of raw 
material gallium and arsenic, which makes the cell very expensive. 
• Silicon nitride inversion layer cells: 
It consists of aluminum evaporation and plasma silicon nitride deposition and ion 
incorporation. The cell exhibits, conducive properties like a high spectral response at 
short and longer wavelength and high open-circuit voltage. 
• Bi-facial thin film silicon solar cell: 
This was developed in Germany. It allows light exposure from both the faces. 
Expected advantages are: 
o Flexibility 
o Power to weight ratio is high 
o Lower cell temperature; higher operh-circuit voltage 
o Bi-facial etc. 
2.7.3.2 Silicon issues 
It was indicated in the earlier section that silicon is going to be the workhorse 
material for solar PV industry in the next two decades (period of study). However, there 
has been one major issue confounding the manufacturers. That has been the availability 
of silicon. 
The total silicon availability in year 2005 was estimated to be about 35,000 
tonnes. Out of this the semi-conductor industry was supposed to consume 55% leaving 
about 45% or 16,342 tonnes for the solar industry (2"'' Solar Silicon Conference - April 
2005). This translates to almost 1530 MW of total module output. It only shows that the 
availability of silicon has almost reached its upper limits. That has been the reason for a 
major anxiety in the industry. 
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There are indications in the industry that silicon producers will announce at least 
30,000 tonnes of new capacity in the next 12 months leading to almost 50,000 to 60,000 
tonnes by year 2010. Of this about 36.000 tonnes is likely to be dedicated to solar 
industry (Rogol, CLSA Asia Pacific - 2005). 
Wacker (Germany), one of the three major manufacturers of silicon in the world 
indicates that the production capacity vviJJ be almost doubled by year 2007 from the 
present (year 2005) capacity of 5000 tonnes per annum. 
Hemlock (U.S.) who operates the largest polysilicon plant with a capacity of 7000 
tonnes is moving forward to add about 15,000 tonnes by year 2008. 
Tokuyama Corporation, the polysilicon manufacturer headquartered at Tokyo 
reports that production has more than doubled from 1500 to 3000 tonnes from year 1991 
to 1997. They do not report any immediate plans for capacity expansion. 
Studies also reveal that silicon to wafer efficiency (conversion) is only about 46 to 
68%. This means nearly 32 to 54% is lost in process. During the crystallization process 5 
to 10% of silicon remains in the crucible (pot loss). Another 5 to 20% is wasted during 
the cutting process from ingot to block (tops, tails and slabs). A major loss known as 
'kerf loss' happens in wire-sawing process which is about 40%. Better production 
processes would reduce silicon usage from currently 13g per W to less than lOg per W it 
is expected. 
All the aforementioned factors indicate that the demand-supply gap will be 
efficiently managed by capacity addition by year 2008 and availability of silicon may not 
pose a major issue for sustained growth of Solar PV Industry based on silicon. 
2.7.3.3 Batteries [2] [33] 
Batteries are a very important component in a stand alone renewable energy 
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system. Batteries store the electrical energy generated by the Solar PV Modules during 
sunny period and deliver the same whenever the modules cannot supply power. 
Normally, batteries are discharged during night or cloudy weather. 
'Cycle' is defined as the interval which includes one period of charging and one 
of discharging. A charge controller is an essential part of a battery system which protects 
the battery from complete discharge (with consequential damage to the battery) and 
overcharging. 
a) Capacity / Performance 
Current in amps that can be delivered by the battery multiplied by the number of 
hours that current can be delivered is known as Amp-hour capacity. This generally 
denotes the capacity of the battery. This does not mean that the product of amp-hour has 
high flexibility. Some batteries, such as automotive batteries are designed for short 
periods and heavy discharge. Therefore, those are not suitable for solar photovoltaic 
applications. Typical batteries used for solar photovoltaic applications are those designed 
for very low rates of discharge over long period of time. 
The rate of charge or discharge of a battery is generally denoted as C/10, C/20 etc. 
C/10 means that the battery is being discharged at a current equal to 1/lOth of its total 
capacity. 
• Effect of temperature 
Batteries are rated generally at 25''C. Lower temperatures reduce amp-hour 
capacity considerably, as given in some of the leading manufacturer's literature. 
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Figure 38. Temperature Adjustment 
Source: Exide Catalogue 
The Figure above depicts correction factor at various temperatures. To correct for 
temperature variances, multiply the batteries rated capacity at 25°C by the correction 
factor given above, in the graph corresponding to a given temperature. To use ambient air 
temperatures, average the temperature readings over a 24 hour period and then use the 
correction factor. It may also be noted that, although higher temperatures result in 
marginally higher capacities, the water loss gets increased reducing the number of cycles 
in battery life. 
b) Depth of discharge 
Another way of defining the performance/capacity of the battery is the "depth of 
discharge". It denotes the total amp-hour capacity of the battery used during a charge-
discharge cycle. Deep cycle discharge batteries are generally designed to discharge up to 
80% of their capacity (solar PV applications) whereas Shallow Cycle batteries are 
designed to discharge from 10-25% of the total amp-hour capacity in each cycle. It may 
also be noted that deeper the discharge, the smaller the number of charging cycles the 
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battery will last. 
c) Type of batteries used in Solar PV System 
i. Flooded lead Acid Batteries 
This is used in majority of the systems. These seem to be having the longest life 
and the least cost per amp-hour. The problem, however, with these kind of batteries are 
the regular maintenance work needed such as topping up of water, equalizing charges and 
keeping terminals clean. 
ii. Absorbed Glass Mat Sealed Lead Acid (AGM) 
(Sealed maintenance free batteries) 
As per the "II* edition Solar Electric Products Catalog- April 2004", prices of 
AGM batteries have been coming down and these are positioning as ideal candidate for 
Solar Photovoltaic Applications. Because these are completely sealed, they cannot be 
spoiled, do not need periodic watering and emit no corrosive fumes. It doesn't need any 
equalization charging. The self discharge rate during transport and storage is typically 
2%. 
iii. Gelled Electrolyte Sealed Lead Acid 
These are almost similar to AGM batteries on advantages over flooded type but 
have been loosing out to AGMs. This is due to the fact that the gelled electrolyte in these 
batteries is highly viscous and recombination of the gases generated while charging 
occurs at a much lower rate. These have to be charged at slower rate than the other two 
types explained earlier. For a stand-alone solar PV system, since the solar insolation is 
fixed for a day one need to charge at an optimum rate for the best insolation utilization. If 
charged at too high, a rate gas pockets form on the plates and force the gelled electrolyte 
away from the plates decreasing the capacity xmtW the gas finds its way to the top of the 
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battery and is recombined with the electrolyte. 
For the analysis of this thesis Deep cycle discharge type Exide batteries have been 
considered (Flooded lead acid). 
2.7.3.4 Power Conditioning Units / Inverters [14] [38] 
The Power Conditioning Units used in Stand alone SPV Systems consist of an 
Inverter, Battery Charger, and Charge Controller. 
The inverter is the most complicated part of the PV system. It has to act as the 
interface between the PV modules, the load and the batteries. As the PV array output 
varies with the solar radiation and the loads vary the inverter has to cope up with these. 
The main functions carried out by the PCU are as follows: 
• Change the incoming DC received from PV modules into AC with suitable power 
quality. The inverter produces sinusoidal AC wave forms wdth low harmomic 
distortion. 
• The inverter also has to act as a protective device of the system. It needs to trip 
out if the voltage, current or frequency go outside acceptable ranges. 
• The PCU generally has a bi-directional inverter to charge the battery from the 
Grid mains if required. 
• The charge controller within the PCU regulates the charging current to the battery 
insulating it from the variation in solar radiation. 
Pulse width modulation is used to generate a wave form as near as possible to a 
sine wave. High speed switching device are used to generate pulses of the devices mainly 
used for Inverter circuitry. 
Most reputed international manufacturers are SMA, Fronius, Mastervolt and 
Advanced Energy Systems. DB Electronics, Pune and Dubas Engineering Pvt. Ltd. are 
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some of the very few Indian Manufactures catering to the SPV market in India. 
Inverter efficiency are now reaching about 95% commercially mainly by 
deploying new switching topologies. 
Future development efforts are focusing on increasing the M.T.B.F. (Mean Time 
Between Failures). Target is to reach 1 million hours. This will substantially improve the 
reliability of the system. Remote monitoring, diagnostics and correction using 'wireless' 
media is another thrust area of development. 
2.7.4. SPV-DG Hybrid system 
Standalone photovoltaic systems are sized to provide adequate energy to the load 
even during the worst month of the year. This results in wastage of precious solar 
electricity during the other months. 
PV Array 
Hybrid 
Controller 
i 
1 
1 1 
1 
(i) Load 
Figure 39. Schematic of a Hybrid System 
In a Hybrid system, the array is made small enough to adequately meet the daily 
energy load. A diesel generator (or Wind Electric Generator) or Grid mains power supply 
is incorporated to supplement the energy requirement when the solar insolation is low. 
Hybrid systems are also installed to derive the best diesel ftiel efficiency and low 
diesel maintenance costs. Specific fuel consumption in a diesel generator varies with 
respect to the load on the engine (please refer Figure 14). The benefit of combining a 
diesel generator with photovoltaic modules in a hybrid system design is that, the 
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generator is run only when it is needed and that too at ftill load. Surplus diesel energy is 
put into the batteries and when the batteries are fully charged, the DG can be switched 
off. Another advantage of hybridizing Diesel with Solar is due to the fact that the 
maintenance cost (a longer part of the overall life time operating costs) is directly 
proportional to the operating hours. In a hybrid system operating hours of the diesel 
generator are reduced. 
Another advantage of hybrid system is that its capital cost lies between the costs 
of a stand-alone diesel generator and stand-alone PV system. This is due to the fact that 
considerable saving in the Capital cost of SPV Array and battery can be derived by 
designing the Array for Annual average insolation (not worst month) and reducing the 
'autonomy' of the battery. 
2.7.5 Stand alone SPV system design Methodology 
2.7.5.1 Basic Principles: [IREDA / Siemens / World Bank Solar Photovoltaic Training 
Program] 
• Solar array is designed to feed the load on a daily basis based on average weather 
conditions. 
• The battery has the job of supplying energy to the loads when solar insolation is 
poor. 
2.7.5.2 Sizing Array 
• Array output would be equal to the mathematical average of the load during the 
entire year. 
• The proper approach to array sizing is to calculate the array needed during the 
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worst season of the year. This will ensure battery is fully recharged ever during 
the worst season. This will reduce sulfation that might occur on the battery plates. 
2.7.5.3 Battery Sizing 
• The battery bank is sized to operate the loads during a long sequence of below 
average insolation days and providing supply during the night. The system has to 
be designed to build into the battery capacity enough equivalent days of charge to 
operate the loads autonomously, known as 'days of autonomy'. 
• Temperature correction should be applied as the battery capacity comes down 
with respect to temperature (for example, the output drops down to 80% at -
20°C). 
• As a battery discharges, the electrolyte turns into water and the freezing point 
rises towards the freezing point of pure water at 0°C. This could damage the 
battery. 
Even if a deep cycling industrial battery is used in a system, the maximum depth 
of discharge might have to be limited to less than about 80%. 
2.7.5.4 Inverters 
The Solar PV array (and the output of battery) produces DC, for most loads the 
DC should be converted to AC. This is done through an Inverter. 
The following factors need to be considered while design / selection of inverters. 
i. Output voltage, current and frequency 
ii. Type of output waveform (Square / Sinusoidal) 
iii. Input voltage limits 
iv. No load consumption (affects efficiency) 
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V. Total Harmonic Distortion 
vi. Output power (continuous) 
vii. Surge power (short time rating) 
2.7.5.5 System Design 
The goal of a stand-alone system design is to assure reliable performance by 
providing a well-designed, durable system with a little over twenty years life expectation. 
The solar PV modules are currently provided with warranty of twenty years and above. 
However, the batteries are given warranty up to five years and inverters (Power 
Conditional Units) up to one year. The system design should ensure that the right kind of 
modules and batteries from the right kind of manufacturers are procured and adequate 
physical and financial provisions are made for maintenance of the system. Reliable 
performance is ensured by sound design, specification and procurement of quality 
components, good engineering and installation practices and a consistent preventive 
maintenance program. 
The thesis is concerned with Stand-alone Solar Photovoltaic Systems considered 
as a substitute for Diesel Power Generation. The system design methodology adopted is 
mostly based on the recommendation made by "Photovoltaic System Design" course 
manual (FSEC-G -31-86) of March 1991 by Florida Solar Energy Center, Cape 
Canaveral, Florida, and the experience of the author. 
Detailed sizing procedure adopted for working out the Economics of the 
equivalent energy output is furnished below (To be read in conjunction with 
Annexure XXV - XXXIII). 
The SPV design is a systematic exercise followed in sequence as shown in 
Figure 40. 
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Calculate battery storage 
capacity 
Determine local 
insolation 
Calculate annual average 
insolation & energy load 
Determine array and 
storage sizing factors 
Calculate array power 
and area 
Calculate voltage 
regulator size 
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Calculate inverter/ 
converter size 
Perform life-cycle cost 
analysis 
Figure 40. The sizing procedure 
It may be noted that the system design as per the sequence given above and 
methodology given below have been done for each of the segments under study. 
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Step I. Calculate load ener^ reqiiircmenl 
(A): Loads The energy to be powered by the SPV system is the same as that is 
supplied by the Diesel Generator at present. This is computed as follows: 
Total Energy (demand) per day = 
(Capacityof the generatorinK\^\ xPowerfactorof the generator X Generatorefficiencvl i , \ 
-i— '—> X ^llourpcrd.u <)l us^j 
I Inverterefficiency J 
(A I): Inverter efficiency (decimal) As the output from solar PV array will be DC. 
an inverter is used to convert DC to AC The efficiency (power adjustment factor) of the 
current state-of-the art inverters is about 0.9. 
(A2): Battery Bus Voltage This is the nominal DC operating voltage of the 
system. For the purpose of this study 220 volts DC has been assumed. The advantage of a 
higher DC voltage is that the Amp hour capacity could be less to carry the same amount 
of energy. 
(A3): Inverter AC Voltage The output voltage of the inverter selected is 415 volts. 
3Ph, AC. 
(A4): The rated wattage is the KW capacity of the generator |KVA capacity x 
Power factor], 
(A5): The inverter efficiency factor is for computing the DC equivalent of power 
at the inverter input side. 
(A6): Dividing the rated wattage (A4) by the efficiency factor of the inverter (A5) 
adjusts the wattage to compensate for the inverter efficiency and give the actual wattage 
consumed from the battery bank [A4/A5]. 
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(A7): Hours per day used The number of hours the diesel generator run every day 
is given in [A7]. 
(A8): Energy per day The energy per day required is determined by multiplying 
the adjusted wattage (A6) by the number of hours used per day [A6 x A7]. 
(A9): Total energy demand per day This is same as the figure given in (A8) for 
the purpose of this study. 
(A 10): Total amp-hour demand per day The battery storage subsystem is 
designed independent of the solar PV Array. For this the total electrical load is converted 
from watt-hours to amp-hours. Amp-hours are determined by dividing the total energy 
demand per day (A9) by the battery bus voltage (A2) [A9 / A2]. 
(All): Maximum AC power requirement This is the figure given under (A4). This 
value is the maximum continuous AC power output required of the inverters, if all loads 
were to operate together. 
(A 12): Maximum DC Power requirement This is the maximum DC input power 
required by the inverters. 
(B): Battery Sizing It is very important to note that the conditions of location of 
battery bank, especially temperature is of utmost importance. The design for this study 
has been done for a room temperature of 40°C. 
(Bl): Autonomy (Days of storage desired) Battery storage system is designed to 
provide necessary electrical energy for a period of 1 day without any sunshine. This is 
because the SPV system is expected to replace the DG system which works only on a 
Stand-by mode. 
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(B2): Allowable depth-of-discharge limit (decimal) This is recommended by the 
battery manufacturers. Here the allowable depth-of-discharge is taken as 0.5. Under such 
circumstances battery life is expected to be prolonged. 
(B3): Required battery capacity The required battery capacity is determined by 
first multiplying the total amp-hours per day (A 10) by the days of storage required (B1) 
and then dividing this number by the allowable depth of discharge limit (B2) 
[A10xBl/B2]. 
(B4): Amp-hour capacity of selected hs^ety Manufacturer's manuals are used to 
select the right battery to match the requirement as computed under para (B3). Since 
battery capacity may vary with the rate of discharge, the amp-hour capacity that 
corresponds to the required days of storage should be used. For this study Exide technical 
literature has been used. 
(B5): Number of batteries in parallel This is determined by dividing the required 
battery capacity (B3) by the amp-hour capacity of the selected battery (B4) [B3/B4]. 
(B6): Number of batteries in series The number of batteries needed to provide the 
necessary DC system voltage is determined by dividing the battery bus voltage (A2) by 
the selected battery voltage [A2 / battery voltage]. 
(B7): Total number of batteries Multiplying the number of batteries in parallel 
(B5) by the number of batteries in series (B6) determines the total number of batteries 
needed [B5xB6]. 
(B8): Total Battery amp-hour capacity This is determined by multiplying the 
number of batteries in parallel (B5) by the amp-hour capacity of the selected battery (B4J 
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[B5 X B4]. 
(B9): Total Battery kilowatt-hour capacity The energy capacity of the battery is 
determined by first muhiplying the total amp-hour capacity (B8) times the battery bus 
voltage (A2) and then dividing this number by 1000 [(B8) x (A2) / (1000)]. 
(BIO): Average daily depth of discharge The actual daily depth of discharge from 
the battery subsystem is determined by dividing the total amp-hour demand per day 
(AlO) by the total battery amp-hour capacity (B8) [AlO / B8]. 
(C): PVArray Sizing The following factors are considered while determining the 
solar array: 
i. Available solar insolation 
ii. Tilt and Orientation 
iii.PV module characteristics 
In the present case, annual average solar insolation for a particular location is 
considered for a tilt of 30° and orientation to south. 
Using module power output and annual average daily insolation (in all the case 
studies 4.5 hours has been taken as annual average insolation) the energy (watt hours or 
converted to Amp-hours) delivered by a SPV module for a day can be calculated. 
The array is designed to meet the average daily demand for electricity. The array 
will face south and to have the optimum solar insolation considering summer and winter 
(adjusting with the sun's path) it will be tilled at an angle of 30° from horizontal. 
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(CI): Total energy demand per day [A9]. 
(C2): Battery round trip efficiency For tubular batteries (especially Exide used in 
the study) 0.85 is used as the factor. 
(C3): Required array output per day The watt-hours required by the load are 
adjusted to the battery efficiency. Dividing the total energy demand per day (CI) by the 
battery round trip efficiency (C2) the required array output per day is obtained (C1/C2). 
(C4): SelectedPVmodule maximum voltage at STC Maximum power voltage is 
obtained from the manufacturer's specifications (one of the reputed and reliable 
manufacturer Udhaya Energy Photovoltaic's module specifications are used for the 
study) and this quantity is multiplied by 0.85 to obtain the design operating voltage for 
each module. 
(C5): Selected PV module guaranteed power output at STC This parameter is also 
obtained from the manufacturer's specifications for the selected module. 
(C6): Annual average solar insolation This figure is obtained from solar radiation 
data for design location and array. However, for the present study 4.5 hours has been 
assumed across the board. 
(C7): Energy output per module per day The amount of energy produced by the 
array per day is determined by multiplying the selected photovoltaic power output at STC 
(C5) by annual average insolation at design tilt [C5 x C6]. 
(C8): Module energy output at operating temperature A derating factor of 0.81 
(0.9 x 0.9) is used to determine the module energy output at operating temperature '0.9' 
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factor is for temperature effect and another '0.9' is taken for bird drop etc. Multiplying 
the Energy output per module per day (C7) by the derating factor (DF) an average output 
from one module is obtained [C7 x DF]. 
(C9): Number of modules required to meet energy requirements Dividing the 
required output per day (C3) by the module energy output at ojjerating temperature (C8) 
determines the number of modules required to meet energy requirements [C3/C8]. 
(CIO): Number of modules required per string Dividing the battery bus voltage 
(A2) by the module design operating voltage (C4) and then rounding this figure to the 
nearest integer determines the number of modules required per string [A2/C4]. 
(Cll): Number of strings in parallel Dividing the number of modules required to 
meet energy requirements (C9) by the number of modules required per string (CIO) and 
then rounding this figure to the nearest integer determines the number of strings in 
parallel [C9/C10]. 
(CI 2): Number of modules to be purchased Y^oduct of (CIO) and (Cll) give the 
total number of modules to be purchased [C10 x C11 ]. 
(CI3): Nominal rated PVmodule output As recommended by the module 
manufactures. 
(C14): Nominal rated array output This will be the product of (C12) and (C13) 
[C12xC13]. 
(D): Inverter sizing The heart of the SPV power plant will be the inverter. The 
inverter converts DC power supply to AC power supply. The continuous AC power 
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output required is determined by (Al 1) and maximum DC power requirement is 
determined by (A 12). 
Taking into consideration (Al 1) and (A12) inverter of right capacity is selected. 
Inverter specification provided by the manufacture should be checked for Short time 
rating, Continuous rating, Output wave form and Protections provided. Needless to 
mention that efficiency will be a very important parameter. 
2.7.6 Analytical tools used 
2.7.6.1 Forecasting using Statistical tools 
Everyone uses statistics. Statistics provide information about people, processes, 
events, and ideas. They are used to help make business decisions and as guides for future 
actions. Statistical analysis almost always requires the use of computers because of the 
large number of observations in the data set and because the calculations are tedious and 
often complicated. Because of the importance and benefits of computers in our society, 
many software packages are existing in the market which works in different domains. 
Some packages are fi^eware and rest are paid packages. 
Several writers have recently reviewed statistical software for microcomputers 
and offered very usefiil comments to both users and vendors. Some of these reviews are 
comprehensive and general. Some others analyze specific program features and identify 
problem areas. The research methodology was supported by two most widely used 
statistical data analysis soft wares, SAS and MINITAB. Application of these two 
software packages on binary response data gave some similar results. A survey [9] was 
made on these software packages. The survey suggests that SAS is the best in providing 
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measured association between response variable and predicted probabilities. MINITAB 
has the same values of the estimated parameters, the 95% Confidence Interval (C.l) 
boundaries are not equal as MINITAB uses the approximation of the standard normal 
distribution. SAS does not provide C.I's by default for the model parameters. 
MINITAB is the best in providing goodness of fit tests. Pearson, Deviance, and 
Hosmer-Lemeshow Chi-square tests are available by default, while none of them are 
provided by SAS. 
SAS is the best in providing measures of association between response variable 
and predicted probabilities. MINITAB also provides them all with the exception of the 
c-correlation value. 
MINITAB is user fnendly software, while SAS is very powerful statistical 
package. 
Introduction to SAS 
SAS is a general purpose statistics package. The SAS System includes powerful 
software for econometric and systems modeling, financial analysis and reporting, time 
series analysis and automatic forecasting, and access to commercially available economic 
and financial databases. You can specify, estimate, and simulate complex nonlinear 
models using simultaneous equations with dynamic or lagged relationships. You can 
create econometric models of the entire economy of a country or of individual market 
segments, physical models, biological models to simulate living processes, and ecological 
models to represent systems in nature. In addition, the software has new features for 
handling estimation and simulation of systems of first-order differential equations. 
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Introduction toSAS / ETS 
SAS/ETS software provides tools for a wide variety of applications in business, 
government, and academia. It is designed for financial analysts working with business 
data in time series, forecasters constructing forecasts using time series techniques, and 
econometricians building complex economic models. SAS/ETS software is useftjl 
whenever it is necessary to analyze or predict processes that take place over time, such as 
analyzing pollution emissions data or modeling the dynamics of drug metabolism. Other 
applications are forecasting electricity demand, industrial production, and oil prices, 
planning inventories, monitoring thermal emissions, or analyzing the effect of drunk 
driving laws on highway accident rates. 
Introduction to MINITAB 
MINITAB is one of the upcoming statistical data analysis software. This software 
mostly concentrating on a User Interface based data analysis. It contains various modules 
as given below. 
• Statistics contains Hypothesis analysis. Regression, ARIMA, Time series analysis 
and Explanatory Data Analysis 
• Quality process and improvement contains Quality planning tools, Control charts. 
Measurement Systems Analysis and Process capacity 
• Reliability and survival analysis contains Distribution analysis, Growth curves. 
Accelerated life testing. Probity Analysis 
In the present work MINITAB is used for Hypothesis testing. Regression model 
generation and Time series analysis purposes. SAS is used for the analysis and 
Forecasting of the data using ARIMA process. 
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2.7.6.2 Life Cycle Cost Analysis 
Life Cycle costing is a process to determine the sum of all the costs associated 
with an asset or part thereof, including acquisition, installation, operation, maintenance, 
refurbishment and disposal costs. 
The Life Cycle Cost (LCC) is defined as: 
"the total cost throughout its life including planning, design, acquisition and 
support costs and any other costs directly attributable to owning or using the asset" 
[11]. 
It adds all the costs of alternatives over their life period and enables an evaluation 
on a common basis for the period of interest (usually using discounted costs). Life cost 
planning concerns the comparison of alternatives during the design phase: 
Some terminologies: 
1. The Discount Rate 
Since asset component costs for differing options occur at varying times 
throughout the asset Life Cycle, they can only be compared by reducing them to the costs 
at a common base date. Discounted cash flow which takes into consideration the net 
charges in the real value of an asset is made use of. It takes into account mainly three 
elements: 
i. The interest rate available from long term investment 
ii. Return on investment expected 
iii.The Inflation rate that would affect the purchasing power of the 
currency. 
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2. Nominal, F^ eal and Discounted Costs 
Nominal Cost is the expected price that will be paid when a cost is due to be paid. 
This includes inflation and price variations. The Real cost is the cost expressed in values 
of the base date excluding inflation. The Discounted cost is equivalent to the Nominal 
Cost discounted by the Nominal Interest (or discount) Rate. 
Therefore, for an asset component having a Nominal Cost, CN in Year n, then the 
Real Cost (or Present Value), CR at the base date (Year 0) is given by: 
C,= Q ( 1 + / ) - " 
And the Discounted Cost (or Net Present Value), CD at the base date (Year 0) is 
thus: 
c,=c,{\+dy 
i\+fy 
= C , (]+/)-" 
Where, 
d = (Real) Discount Rate 
i = Nominal Interest (or Discount) Rate 
f = Inflation Rate 
The Life Cycle Costing Process, as reported in Life Cycle Costing Guideline. 
January 2001 is furnished below: 
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Figure 41. The Life Cycle Costing Process 
Source: Life Cycle Costing Guideline 
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LCC Analysis is a multi-disciplinary activity. Is has to be performed with the 
following philosophy [35]. 
1. Establish clear objectives 
2. Determine LCCA metrics (total cost etc.) 
3. Identify the base case and develop alternatives 
4. Gather cost information 
The LCC guideline model, given above also prescribes more or less similar 
patterns: 
Stage - 1: Development of a plan which addresses the purpose, scope and 
analysis. 
Stage - 2: Selection or development of model that will satisfy the objectives of 
the analysis 
Stage - 3: Application of the LCC model by obtaining data and developing cost 
estimates 
Stage - 4: Document and Review LCC Results. 
Stage - 5: Prepare Life Cost Analysis. 
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The cost methods are Engineering Cost Method, Analogous Cost Method and 
Parametric Cost Method where Analgous method draws on historical data and 
Engineering reUes on estimates. The present study has selected the model given in 
"Photovoltaic System Design" and have used both Engineering (for Solar PV System 
Design) and Analogous (for certain cost details) cost methods. 
Technical assumptions: 
A5 - Capacity of generator 
This data has been observed and taken during the visit to the select firm. 
A6b- Fuel consumption /hour at 70% load 
This data has been taken from the log book in the respective firms and validated 
through discussions with the relevant authorities of the firm and corroborated by the 
respective generator manufacturer. 
A7b 
Daily generator runtime is as provided by the user (given in the data sheets). In all 
the cases it was found that the generator works at less than 70% load. 
A8 - Initial cost of generator 
This detail has been taken fi-om the books of accounts of the concerned firm. It 
has also been corroborated by the manufacturers. Cost of electrical infrastructure includes 
only the exclusive power evacuation mechanism for the Diesel Generator. 
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A9 
Power factor for the generator; this has been taken from the nameplate details. 
AlO- Generator efficiency 
This information is secured from the users and corroborated by the manufactures. 
All - Peak power for the generator 
This is a computed value as it would be the product of 'A5', 'A9' and 'Al 0". 
A12- Expected yearly maintenance cost of the generator 
This value has been taken from the 'books of accounts' of the user. 
A 13a- Life of the generator in years working at 10 hours/day 
This value is taken from the manufacturers recommendations. 
A 13b- Life of the generator under present working conditions 
This is a computed value in proportion to the actual hours of generator run time. 
E. Economic Conditions for Analysis 
These are certain assumption made for Life Cycle Costing evaluation. These 
assumptions are held constant for both the 'scenarios'. Major assumptions made are as 
follows: 
El - Desired system life 
As the comparison is between existing Diesel power generation and 'equivalent 
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energy providing' Solar Photovoltaic Systems the life of the system considered is that of 
Solar Photovoltaic Modules. Internationally all the reputed manufacturers of Solar 
Photovoltaic Modules warranty 20 years; It also happens to be the longest in SPV system. 
E2 — Inflation rale 
Based on the current trends in India an inflation rate of 6% has been considered. 
E3 - Fuel escalation rate 
While computing the LCC of Diesel Generated power, the most important input is 
the fuel (diesel) escalation rate which need to be forecasted. This has been explained in 
details under para 3.3.2. From the forecasted values for the period up to year 2026, based 
on the trends of the past 10 years, the cumulative average value per annum is taken here. 
This is a very important parameter which influences the outcome of the findings. 
E4 - Discount rate 
This is a percentage which is used to reduce the value of fiiture 'Rupees' in 
relation to present 'Rupees'. After detailed discussions with the financial institutes, banks 
and certain experts, 13% is taken as the discount rate. 
E5 - Real discount rate 
The real discount rate is the nominal discount rate minus the inflation rate. This is 
a computed value as (E4 - E2). 
E6 - Current Fuel Cost 
This value has been taken from the users. This value is based on the diesel price 
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available at each city and varies with respects to the location of the factory. This value is 
inclusive of transportation and storage costs as provided by the respective users. 
E7 - Number of working days 
It was found that in almost all the cases the official working days is 25 per month; 
Therefore, 300 working days has been assumed for the year. 
F. Present worth of energy cost 
Once the economic assumptions are made, present worth of each component in 
the system is made. The present worth method analysis compares all expenditures, 
regardless of when they occur, brought to a common year called baseline year. To 
compare all expenditures during the baseline year all ftitures expenditures are discounted 
to reflect the time value. Once this discounting is accomplished, all expenditures are 
weighed on a common basis. 
The following points may be noted with respect to LCC computation of the 
Generator. 
i. It could be observed from F9 that as the diesel generators have a life 
over 20 years, given proper maintenance, no replacement value is 
considered during the desired system life, 
ii. Present worth of annual maintenance over system life. El is computed 
using the formula: 
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F l l ^ F l O x 
(l + Esf^-l 
E5x( l + E5)^ 
Where, 
Fl 1 = Present worth of annual maintenance over system life 
FIO = Expected yearly maintenance cost for generator (A12) 
E5 = Real discount rate (E4 - E2) and 
El = Desired System life 
(Formula adopted from: Photovoltaic System Design, Course 
Manual (FSEC-GP-31-86), Florida Solar Energy Cape Canaveral, 
Florida) 
iii.The present worth of fuel over system life is computed as follows: 
F15 = F14xE6x | i ± E _ i x 
I E4-E3 
f . . E n 
' 1 + E3 ' 
l -
Vi+E4y 
Where, 
Fl 5 = Present worth of fuel over system life 
F14 = Annual generator fuel consumption computed as a product 
of F5b (Average yearly generator run time), A7b (Daily 
generator run time) and F13 (Estimated generator fiiel 
consumption) 
E6 = Current fuel cost including transportation and storage 
E3 = Fuel escalation rate as determined by using SAS software 
model and 
E4 = The discount rate (assumed) 
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(Formula adopted from: Photovoltaic System Design, Course 
Manual (FSEC-GP-31-86), Florida Solar Energy Cape Canaveral. 
Florida) 
iv. Present worth of lubricating oil over system life E is not considered 
since in all the cases this value is included along with the maintenance 
cost. 
(Formula adopted from: Photovoltaic System Design, Course 
Manual (FSEC-GP-31-86), Florida Solar Energy Cape Canaveral, 
Florida) 
V. From the aforementioned Present worth of Generator is computed as 
the summation of all the factors mentioned above (i.e. F9+F11+Fl 5). 
Where F9 is the initial cost of the diesel generator system, 
vi. Further, the electricity generated by the diesel generator over desired 
system life is computed as a product of Fl (Rated generator output), A7 
(Total generator run time), F5 (Average yearly generator run time) and 
El (Desired system life), 
vii. Present value of electricity generation for firm is computed by 
dividing F16 by F17 i.e. Present worth of generator system divided by 
electricity generated by the diesel generator system over desired system 
life. 
This value is given as F18 which need to be compared with similar figure for 
stand alone solar PV system. 
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2.8 Some major findings in the past in similar line of research 
2.8.1 Climate change 
The planet's climate is constantly changing. The global average temperature is 
currently in the region of 15°C. The past evidence suggests that this average may have 
been as high as 27°C and as low as 7°C. Therefore, the scientists are concerned about the 
impact of rapid human-induced warming on the natural fluctuation, as seen above, that 
has serious implications for the stability of the climate, which in turn affects the life on 
the planet. 
Human activities have contributed towards the increase of atmospheric 
concentration of green house gases (GHGs) and this has led to higher natural green house 
effect. There has been scientific evidence to prove that increase in the concentration of 
these gases (carbon dioxide, methane and nitrous oxide) which are released mainly by 
modem industry, transportation and agriculture predominantly by burning fossil fuels, 
has caused additional warming of the earth's surface and atmosphere threatening to 
change the climate in an unprecedented manner. The United Nations Framework 
Convention on Climate Change (UNFCCC) was formulated in 1992 to address the issue 
of stabilization of GHG concentrations in the atmosphere at a level that would prevent 
dangerous human induced interference with the climate systems and ensure sustainable 
development. It stipulates that Parties to the Convention protect the climate system. India 
is a party to UNFCCC by signing this multilateral treaty in June 10, 1992 and was the 
38^ ^ country to ratify it on November l", 1993 [31]. 
Over the last hundred years, it was found that the earth is getting warmer and 
warmer unlike previous 8000 years. It has been observed that global temperatures have 
risen by about 0.6''C over the 20"' century and most of the observed warming over the last 
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fifty years is attributable to human induced GHG emissions [5]. 
In the Third Conference of the Parties held in Kyoto, under UNFCCC, in 1997. a 
protocol to the Convention was adopted. This committed the industrialized nations to 
specify, legally binding reduction in emissions of six green house gases which are carbon 
dioxide (CO2), methane (CH4), nitrous oxide CN2O), hydro fluoro carbons (HFCs), Per 
fluoro carbons (PFCs) and sulphur hexafluoride (SFe). The protocol will come into force 
only after ratification by the govenmients of the respective member countries. 
The Table 17 given below gives the Target Green House Gas Emission 
Reductions by 2012 by the Annex A (industrialized) countries. 
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Table 17 
Kyoto Goal: Cut Emissions by 5 Percent 
Country Kyoto Target (percent 
Australia 
Bulgaria 
Canada 
Croatia 
Estonia 
European Union 
Hungary 
Iceland 
Japan 
Latvia 
Liechtenstein 
Lithuania 
Monaco 
New Zealand 
Norway 
Poland 
Romania 
Russian Federation 
Slovakia 
Slovenia 
Switzerland 
Ukraine 
United States 
Source: BEE 
change from 1990 emissions) 
+8 
-8 
-6 
-5 
-8 
-8 
-6 
+10 
-6 
-8 
-8 
-8 
-8 
0 
+ 1 
-6 
-8 
0 
-8 
-8 
-8 
0 
-7 
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The major commitments in the treaty are as follows: 
• Emission Reductions 
The protocol states that "developed countries are committed, individually or 
jointly, to ensure that their aggregate anthropogenic carbon dioxide equivalent emissions 
of green house gases do not exceed amounts assigned to each country" in Annex A to the 
protocol, "with a view to reducing their overall emissions of such gases at least 5% below 
1990 levels in the commitment period 2008 to 2012." [13]. 
India is very much concerned about climate change since being a developing 
country, it is more vulnerable to the effects due to its high dependence on climate 
sensitive sectors like agriculture and forestry and its low financial adaptive capacity 
[IPCC, 2001 b]. The possible impacts, briefly, are listed below: [31] 
o Inadequate water availability due to recession of glaciers, and decrease in 
rainfall in certain pockets of the country; 
o Threats to its agriculture and hence to its food security, agriculture being a 
critical component of the national economy which is mainly dependent on 
the monsoon rainfall; 
o Die back of natural ecosystems such as forests, on which the energy 
consumption of the rural households depend; 
o Adverse impacts on coastal system due to sea level rise; and 
o Impact on human health due to increase in vector and water borne diseases 
and thermal stress. 
CO2 emissions have increased by nearly 5.9% in India, since 1950 as per many 
reports. India is now rated as the 6*^  largest contributor of CO2 emissions behind China, 
the largest contributor. The only solace is that our per capita CO2 of 0.936 tonnes per 
 
 
 
 
 
  
 
 
 
Literature 126 
annum is well below the world average of 3.87 tonnes per annum. 
The national inventory of green house gases under ALGAS (Asia-Least Cost 
Greenhouse Gas Abetment Strategy) project of UNDP indicates that 55% of the total 
national emissions come from energy sector. 
• Clean Development Mechanism (CDM) 
Article 12 of the Kyoto Protocol enables developing countries to participate in 
joint greenhouse gas (GHG) mitigation projects (Clean Development Mechanism). Under 
this protocol, Countries (developed countries and economies in transition) are required to 
reduce GHG emissions to below their 1990 levels. The CDM allows public or private 
sector entities of the Annex A countries to invest in GHG mitigation projects in 
developing countries. The investors, in return, receive credits (Carbon credits) or 
Certified Emission Reductions (CERs), which they can use to set off against their targets 
under the Kyoto Protocol. CDM provides advantages to Developed nations for obtaining 
reductions at costs lower than in their own countries. The advantages to the developing 
nations (costs) are in the form of finance, technology and sustainable development 
benefits. 
It may be noted that as per a decision taken at COP-7, Renewable Energy 
Projects with output capacity upto 15 MW qualify for fast-track approval procedure. 
It is worth mentioning here that the cases covered under this study qualify for 
CDM covered projects. However, the financial benefit on account of this has not been 
taken into consideration in this study. 
• Carbon Credits 
The following excerpt is reproduced fi-om an article appeared in "Power Line", in 
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June 06. 
• Incentives for reducin^i f^lohal warming 
•'Carbon credits are part of the Kyoto Protocol, a voluntary treaty signed 
by 141 countries, including the European Union, Japan and Canada, for reducing 
GHG emissions by 5.2 percent below the 1990 levels, by 2012. Carbon credits are 
certificates issued to countries that reduce their GHG emissions. The credits 
reward those countries that meet their targets and provide financial incentives to 
others to do so as quickly as possible. Surplus credits (Collected by overshooting 
the emission reduction target) can be sold in the global market. One credit is 
equivalent to one tonne of CO2 emission reduced. To get the baseline for 
measurement of carbon credits, the amount of emissions that would be emitted in 
the absence of projects is calculated to take care of pollution. For instance, the 
number of megawatts versus emissions from a cogeneration power plant is 
measured and compared with a wind power plant, which is a zero emission plant." 
Carbon credits that could be secured through CDM and by implementation of 
Renewable Energy Projects (Solar energy is a part) are fast emerging as a leading player 
in the global carbon credits market. International Financial Corporation signed the first 
carbon emission purchase agreement, worth over US $0 million, with a sugar 
manufacturer in India. As per Mr. Vikram Widge, IPC's program manger for the Carbon 
Finance Environment Financial Group, quote "Carbon constraints are here to stay and 
therefore this market is only going to get bigger and bigger. In fact, the market will grow 
manifold if the US, which accounts for 25-30% of the global emissions joins the Kyoto 
Protocol or its successor". 
The cases covered under this study and the sectors, if adopt such switch over 
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strategies, will stand to benefit commercially by Carbon Credits. It is understood that 
CERs are sold at about US$10 per tonne in the market and it is expected to reach US $ 
20 to 25 once US ratifies the treaty. This certainly makes the economic viability of the 
cases covered (if they switch over to solar energy) better. The additional cash flow (In 
flow) has not been factored in this study. 
2.8.2 Solar PV/ DG Hybrid System 
In his paper presented at ICORE 2005, India, Dr. C. V. Nayar, Professor of Curtin 
University, Australia mentions about the advantages of hybrid systems as follows: 
• greater reliability 
• high degree of flexibility during the design phase and in operation 
• lower overall maintenance costs 
• longer service life time of components as compared to single-source systems. 
Dr. Nayar indicates that the system can be classified into series or parallel. Curtin 
University has been involved in development and implementation of many solar PV-DG 
hybrid systems through Advanced Energy Systems of Australia up to 500 KVA capacity. 
He, however, states that though several hybrid systems have been installed in several 
parts of the world, many have suffered fi-om both technical and non-technical problems. 
Technical problems included poor system sizing due to lack of sufficient knowledge on 
the availability of local energy resources and load growth. Non-technical problems 
include non-availability of spare parts and critical components at site for maintenance 
and repair. He mentions that commercial viability has been established on LCC basis in 
comparison to Stand alone SPV System. 
The author of this thesis, in a paper presented on an "International Conference and 
Business Meet on Nort-Fossil Fuel Generation" in February 2002, brings out the 
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following factors. 
i. The combination of Solar PV with DG (Hybrid) is much more an 
economical alternative to Stand alone PV since the PV array and the battery 
bank need not have to be sized large enough for worst case weather 
conditions, 
ii. The DG will be brought into operation only when the peak loading takes 
place or PV array falls short in energy production. 
iii.The battery bank also will be of much smaller capacity with only half to 
one-day autonomy provided. The PCUs generally have the provision of the 
following modes of operation, namely: 
• Manual 
• Semi-automatic (can program the operations with times) 
• Automatic 
He further cites the main advantages as: 
• Needs much less fuel than an ordinary diesel generator set due to the contribution 
of the solar system and better efficiency of the DG when in operation 
• Maintenance intervals for the diesel can be extended substantially due to reduced 
times of operation 
• System has high reliability due to the combined application of two or three (if 
required Mains also can be integrated) independent power sources 
• Initial investment substantially low in comparison to a Stand alone solar PV 
• Costs of operation are reduced due to less fuel and maintenance costs 
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2.8.3 Stand-alone Solar P V system 
A list of some of the major Stand-alone / Grid connected Solar PV installation is 
given in Annexure - XXXIX. Also furnished below are brief write-ups on two of the 
major power plants of 1 MW capacity and above (similar to size of the cases under 
study). Also refer Annexure - XXXXII for relevant photographs. 
1. Springerville Generating Station Solar System (US): 
The solar system located at the Springerville Generating Stations (SGSSS) was 
designed to be built in phases with a fully completed continuous generating capacity of 
8000 kW AC. The fully completed system is expected to use 88 acres of ground. The 
modules are fixed, south facing with a tilt of 34 degrees from the horizontal. 
Brief technical data: 
• Total Array coverage area - 44 acres 
• Number of PV arrays - 34 arrays 
• Total number of PV modules - 34,980 nos. 
• Total PV DC Array capacity (STC) - 4590 kW 
• Total inverter AC capacity - 5 i 00 k W 
• Average Annual Energy Production - 1730 kwh / kW DC 
2. Solar Power Plant Sembach (Germany): 
Situated at a industrial area City Solar has installed the power plant in an area of 
16 hectares. With a nominal performance of 1 Megawatt peak (MWp) the installation 
produces about 9,66,000 kwh per year. This is expected to same about 773 tonnes of CO2 
per year. The installation was completed in May 2005. 
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Brief technical data: 
• Nominal power - 1 MWp 
• Solar Modules - 6210 units 
Electricity production - 9,66,000 icwh p.a. 
• 
• Module area - 7850 m 
It may be observed that the available information do not provide any data on large 
scale applications of Solar PV systems for industrial use similar to the present study. 
2.8.4 Forecasting using MINITAB/SAS 
Case Study 1: ARIMA models to predict next-day electricity prices 
Focus 
This case provides a method to predict next-day electricity prices of Spanish and 
Califomian electricity market. 
Input data 
Market clearing prices are publicly available in www, as it is the case of the day-
ahead pool of mainland Spain [23], the Califomian pool [22], or the Australian national 
electricity market [21]. 
Independent Variable 
Consumption of electricity in Hours 
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Dependent Variable 
Price in Euro/Mwh 
Model Used 
ARIMA Model 
Software used 
SCA System for forecasting 
Description 
For the Spanish electricity market, three weeks have been selected to forecast and 
validate the performance of the ARIMA model. The first one corresponds to the last 
week of May 2000. The second one corresponds to the last week of August 2000 (a low 
demand week). The third one corresponds to the third week of November 2000 (a high 
demand week). The hourly data used to forecast the first week are from January 1^* to 
May 24*, 2000. The hourly data used to forecast the second week are from June 1^ ' to 
August 24*, 2000. The hourly data used to forecast the third week are from September 1^ ' 
to November 12*, 2000. For the Califomian electricity market, the week of April 3"* to 
9*, 2000 has been chosen. 
Case Study 2: Transfer function model for Gas Rate Vs CO^fi'om a Gas Furnace 
Focus 
This case explains the generation of Transfer function to fit the relation between 
input Gas Rate and Output CO2 fi-om a Gas Furnace. 
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Input data 
The Input Gas Rate and Output CO2 from a gas ftimace data are considered in this 
case. The data values are available at "Series J" in Box and Jenkins (1976) for the values. 
Independent Variable 
Input Gas rate 
Dependent Variable 
Output CO2 
Model Used 
ARIMA Model 
Software use 
SAS System Software 
Description 
The ARIMA process is used for the generation of a transfer flinction to fit the 
relation between dependent and Independent variables. First the input series, X, is 
modeled with a univariate ARMA model. Next, the dependent series, Y, is cross 
correlated with the input series. Since a model has been fit XoX, both 7and Xare 
prewhitened by this model before the sample cross correlations are computed. Next, a 
transfer function model is fit with no structure on the noise term. The residuals from this 
model are identified by means of the PLOT option; then, the fiill model, transfer function 
and noise is fit to the data. 
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CHAPTER - 3 CAPTIVE POWER GENERATION 
3.1 Energy consumption and industrial segments in India 
It was indicted under para 1.1.3 that the all India energy sale during 2002-03 was 
3,39,598 GWh (gigawatt - hours) compared to 3,22,459 GWh in 2001-02 representing an 
increase of 5.32% in sale. The major consumers of electricity has been mainly grouped in 
to the following categories. 
i. Domestic 
ii. Commercial 
ill. Industrial power 
iv. Railway / tram -ways 
V. Agriculture 
vi. Public water works and sewage pumping 
vii. Miscellaneous 
It could be seen from, Table 2 that the "Industrial power" category of consumers 
had the highest share i.e. 33.85% of the total energy sold compared to 33.27% in year 
2001-02, registering an increase of 7.14%. It was also brought out, based on a report from 
TERI, that almost 70% of the electricity consumption in the industry is accounted by the 
segments of Textiles, Chemicals, Cement, Minerals and Metals and Fertilizer. Further, 
based on a study by TERI it was pointed out earlier through para 1.1.4.2 that 61% of the 
total captive power consumption of 18,361 MW (as on 3 r ' March 2003) and 71% of the 
Diesel based captive power generation of 6736 MW takes place in the segments of 
Minerals and Metals, Textiles, Chemicals, Cement and Engineering. Another trend 
observed through a study of Power Line Research (1999) was that in the 1-5 MW range 
83% captive power generation is based on diesel. 
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3.2 Industrial details and energy usage pattern 
3.2.1 Minerals and Metals 
3.2.1.1 Anugraha valves, Coimbatore (AVCL) 
i. About the firm 
Anugraha Valves Casting Limited is one of the leading steel foundry situated in 
Coimbatore, Tamil Nadu State. AVCL's main focus is on the production of Industrial 
Valves Casting wdth size ranging fi-om DN15 (0.5") to DN400 (16") according to ASTM 
and EN specifications in Raw and fiilly Machined condition. 
AVCL exports over 2800 m. tonnes of casting per annum mainly to Europe. The 
manufacturing facilities are spread over 100,000 sq. ft. of built up area and have over 500 
fully trained personnel. AVCL has been serving to major valve manufacturers who cater 
to Engineering, Petroleum, Chemical and Gas industries globally. It has a fiilly implanted 
Quality Management System with the requirements of ISO 9001:2000. 
Production capacity of AVCL is about 3100 m. tonnes per annum. 
Brief of process flow is shown Figure 42. 
(fUrr^shhng) • • Moulding -»>MOUMs 
St«*l Scrap 
( 2 0 T P D ) 
M*iUna 7 0 % 
•Iscti lcHy 
consutnplkdn 
C»t>np 
• Knock - out 
( 1 0 T P D ) IZO^i 
PricHIng 
1 0 % 
I Machineshop 
1 0 % 
Figure 42. Process flow of Anugraha valves 
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Melting is done with following infrastructure 
o 250 Kw / 300 Kg Crucibles - 2 nos. 
o 350 Kw / 500 Kg and 1000 Kg Crucible 
o 350 Kw / 1000 Kg and 750 Kg Crucible 
Single pieces of up to 1000 Kg can be processed. 
ii. About energy usage pattern 
Please refer Annexure - VII for the data consolidated and provided. The firm uses a 
500 KVA DG for captive power generation on stand by mode. 
i. The present annual sales turn over of the company is Rs.70 crores. It has 
registered a growth of 27% during 2002-03,46% in 2003-04 and 34% in 
2004-05. 
ii. Net profit has been 10.7%, 7.3%, 5.5% and 4.3% respectively from 2002-
03 to 2005-06 respectively, 
iii. Electricity consumption per unit has been about 1.0 kwh (unit) per Kg in 
2003-04 and 2004-05. 
iv. Cost of electricity generation from diesel generation has been increasing as 
follows: 
. 2002-03= (5.69-4.75 )xl00 ^^„„,^ 
4.75 
• 2003 - 04 = 2.6% 
• 2004 - 05 = 25.3% 
There has been steep hike in the cost of captive power generation in year 2004-05 
v. Cost of electricity (grid) as a percentage of sales has been 
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• 2002 - 03 = 7.35% 
• 2003 - 04 = 3.78% 
• 2004 - 05 = 3.07% 
vi. Cost of electricity per unit of product (Rs./ Kg) was about 6.8% in year 
2004-05. 
vii. Their experience shows that the diesel price (Rs./ltr) may increase at a 
cumulative average rate of about 12.2% per annum. 
viii.They get about 3.6 units (kwh) per litre on an average for the 500 KVA 
Generator, 
ix. Annual maintenance cost as a percentage of initial investment of DG plant 
works out to 12.33%. 
3.2.1.2 Amtek Casting India Ltd., Coimbatore 
• About the firm 
Amtek Casting India Ltd. established in 1998 with manufacturing firm at 
Coimbatore, specializes in production of DISA moulded, high quality Ductile (SG) iron 
and Grey Iron Casting based component for automotive industry. 
The firm has the following infi-astructure facilities: 
a. Disamatic Moulding Machine 
b. Horizontal Moulding Line 
c. Fully automated sand blasting plant 
d. Induction furnace. Dual track 1500 KW 
e. Core shop 
f. Machining section 
g. Quah'ty Controls 
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The manufacturing flow diagram is given in Figure 43; 
Sand preparation 
Sand preparation plant 
MS Scrap 
(inputs) 
 Melting Furnace 80% electricity 
consumption 
>r 
Moulding 20% 
electricity 
consumption 
Casting 
2 ^ crucibles 
Figure 43. Manufacturing flow of Amtek casting 
It may be noted that the electrical consumption is about 982 -1020 Kwh / tonnes 
of liquid metal. 
The induction furnace melt the MS scrap kept in a crucible at 1500°C. There are 
2 nos. crucible and the power consumption of the furnace is about 1500 KW at 2 KV. 
The molten liquid is transferred manually to containers (140 Kg charge) which 
fills the mould positioning from an Automatic moulding machine. It takes approximately 
10 seconds to produce a mould. The casting are further sand blasted and finishing touches 
to the product are given manually. 
The product range include Brake parts. Water pumps parts, Engine parts, Fuel 
injection parts etc. Major customers are Kalyani Brakes, Mando Brakes, MICO industries 
etc. 
Nearly 8.4 million units were consumed from the grid in 2004-05. The captive 
power generation from DG was only 0.2%. 
• About energy usage pattern 
Please refer Annexure VIII for the data consolidated and provided. The firm uses 
a l i o KVA Diesel Generator on stand by mode. 
i. The present aimual sales turn over of the company is Rs.358.57 crores 
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(2004-05). It has registered a growth of 26.51% in 2004-05. 
ii. Net profit has been 6.85% in 2004-05, and 1.25% in 2003-04. 
iii. Electricity consumption per unit has been about 0.875 kwh (unit)/ Kg in 
2004-05. 
iv. Cost of electricity generation from diesel generation has been increasing as 
follows: 
• 2003 - 04 = NA 
• 2004-05-NA 
V. Cost of electricity (grid) as a percentage of sales has been 
• 2003-04=1.1% 
• 2004-05=1.05% 
vi. Cost of electricity per unit of product (Rs./Kg) was about 3.93 in year 
2004-05. 
vii. Their experience shows that the diesel price (Rs./ltr) may increase at a 
cumulative average rate of about 9.41% per annum. 
viii.They get about 1.36 units (kwh) per litre on an average for the 110 KVA 
Generator, 
ix. Annual maintenance cost as a percentage of initial investment of DG plant 
works out to 9.28% 
3.2.2 Textiles 
3.2.2.1 Jayshree Textiles, Kolkata 
• About the firm 
The firm is involved in the manufacture of Linen Yam, Synthetic Yam, and 
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Worsted Yam. A brief process diagram is given in Figure 44: 
Fibre Coning Machine — • 
Drawing 
Machine — • 
Combing 
Machine — • 
Spinning 
Machine 
Winding 
Machine -> Liner Yarn 
Figure 44. Process diagram of Jayshree textiles 
The firm was mostly dependant on Captive power till last year, but the situation 
has slightly improved due to better availability of the grid. The captive power diesel 
generator capacity is as follows: 
i. 860 KVA - 5nos. (SKODA) 
ii. 1000 KVA - 5 nos. (KIRLOSKAR) 
iii. 1250 KVA - 4 nos. (KIRLOSKAR) 
• About energy lasage pattern 
Please refer Annexure IX for the data consolidated and provided. The firm uses a 
860 KVA DG for captive power generation on stand by mode. 
i. The present armual sales turn over of the company is Rs.lOOO crores (2005-
06). It has registered a growth of 40% in 2004-05, 43% in 2005-06. 
ii. Net profit has been 5%, 5% and 5% respectively from 2003-04 to 2005-06 
respectively, 
iii. Electricity consumption per unit has been about - NA 
iv. Cost of electricity generation from diesel generation has been increasing as 
follows: 
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• 2004 - 05 = 9.6% 
• 2005-06=10.4% 
V. Cost of electricity (grid) as a percentage of sales has been 
• 2003-04=1.56% 
• 2004-05=1.11% 
• 2005 - 06 = 0.8% 
vi. Cost of electricity per unit of product (Rs./Kg) was about - NA 
vii. Their experience shows that the diesel price (Rs./ltr) may increase at a 
cumulative average rate of about 12.09% per annum. 
viii.They get about 1.53 to 1.84 units (kwh) per litre on an average for the 860 
KVA Generator, 
ix. Annual maintenance cost as a percentage of initial investment of DG plant 
works out to 11.9%. 
3.2.2.2 Eastern Spinwell, Coimbatore 
• About the firm 
The firm is involved in the manufacture of polyester viscose yam. Capacity of the 
firm is about 4.2 tonnes/day of 45s yam. Brief process diagram is given in Figure 45: 
R a w Mater ia l 
1 0 0 0 0 k g s / d a y 
( p o l y e s t e r •*• 
V i s c o s e ) 
M i x i n g 
5 0 0 0 k g s / d a y Blow 
rooms C a r d i n g 
0 . 5 % toss 1 .5% l o s s 
Dra>A'ing D r a w i n g 
M S i m p l e x S p i n n i n g 
Y a r n 
X C o n e W i n d e r s 
P a c k i n g 
Figure 45. Process diagram of Eastern Spinwell 
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It could be observed that all operations are carried out by machines with electrical 
devices. It is estimated that electricity consumption will be about 3.3 kwh /kg of yam. 
Sanctioned demand for the firm is about 550 KVA. The tariff works out to about 
Rs.4.25/kwh. 
The firm has installed Diesel Generators as follows for Captive power generation. 
i. 380 KVA - 1 no. (Caterpillar + Kirloskar) 
ii. 250 KVA - 1 no. (Caterpillar + Kirloskar) 
The specific electricity generation ratio has been as follows 
380 KVA-2.50 kwh/Itr 
250 KVA-3.00 kwh/Itr 
• About energy usage pattern 
Please refer Aimexure X for the data consolidated and provided. The firm uses a 
250 KVA DG for captive power generation on stand by mode. 
i. The present annual sales turn over of the company is - NA. 
ii. Net profit has been - NA 
iii.Electricity consumption per unit has been about 3.5 kwh (unit) per Kg in 
2004-05. 
iv. Cost of electricity generation from diesel generation has been increasing as 
follows: 
• 2003 - 04 = 9% 
• 2004-05- 10.1% 
V. Cost of electricity (grid) as a percentage of sales has been 
• 2001-02 = NA 
• 2002 - 03 = NA 
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• 2003 - 04 = NA 
• 2004 - 05 = NA 
vi. Cost of electricity per unit of product (Rs./Kg) was about 0.13 in year 
2004-05. 
vii. Their experience shows that the diesel price (Rs./ltr) may increase at a 
cumulative average rate of about 16.3% per annum. 
viii.They get about 2.9 units (kwh) per litre on an average for the 250 KVA 
Generator, 
ix. Annual maintenance cost as a percentage of initial investment of DG plant 
works out to 14.7%. 
3.2.3 Chemicals 
3.2.3.1 Hindustan National Glass & Industries Ltd., Kolkata 
• About the firm 
The firm is a pioneer in Glass Manufacturing in India. They manufacture all 
varieties of glass bottles and vials. Manufacturing facilities are located at Rishra near 
Kolkata. The firm owns sand quarries and the production is equipped with state-of-the-art 
induction furnaces for manufacturing of Casting in its own foundry. It has facilities to 
manufacture moulds for bottle of all designs and shapes. The power supply is 
supplemental by its own captive diesel generators. 
The finn manufacture about 6 million bottles a day ranging from 5 ml to 3200 ml. 
Clients include companies like Coca Cola, Dabur, Horlicks, Lakme, Nestle etc. 
The sales turn over of the company was Rs.440 crores in year 2003-04. PBIDT 
was Rs.71.46 crores in the same year. 
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The manufacturing process follows the sequence as depicted in Figure 46. 
Automatic 
feeding of 
Raw materials 
Recycling of 
Ixoken glass 
Fomiing 
process 
Automatic 
inspection 
Sfirinks 
wrapping 
Figure 46. Manufacturing process of Hindustan Glass. 
• About energy usage pattern 
Please refer Annexure XI for the data consolidated and provided. The firm uses a 
860 KVA DG for captive power generation on stand by mode. 
i. The present annual sales turn over of the company is Rs.440 crores (2003-
04) and Rs.305 crores (2002-03). It has registered a growth of 8.15% in 
2002-03,44% in 2003-04. 
ii. Net profit has been 12.7% in 2002-03 and 16.2% in 2003-04. 
iii. Electricity consumption per imit has been about 0.289 kwh (unit) / Kg in 
2004-05. 
iv. Cost of electricity generation fi-om diesel generation has been increasing as 
follows: 
• 2003 - 04 = 9.9% 
• 2004 - 05 = 9.8% 
• 2005-06=11.9% 
V. Cost of electricity (grid) as a percentage of sales has been 
• 2002 - 03 = 4.53% 
• 2003 - 04 = 3.62% 
vi. Cost of electricity per unit of product (Rs./Kg) was about 1.08 in year 
2004-05. 
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vii. Their experience shows that the diesel price (Rs./ltr) may increase at a 
cumulative average rate of about 9.72% per annum. 
viii.They get about 3.6 units (kwh) per litre on an average for the 860 KVA 
Generator, 
ix. Annual maintenance cost as a percentage of initial investment of DG plant 
works out to 14.28%. 
3.2.3.2 Bio-Con, Bangalore 
• About the firm 
Bio-con is India's leading biotechnology enterprises. It has evolved fi-om an 
enzyme manufacturing company to a fully integrated biopharmaceutical enterprise, 
focused on healthcare. Proprietary fermentation technologies are applied to develop 
innovative and effective bio-molecules in diabetology, oncology, cardiology and other 
therapeutic segments. 
It is a fiilly integrated bio-technology enterprise focused on biopharmaceuticals, 
custom research, chemical research and enzymes. 
The high caliber manpower strength was about 2000 in year 2005. 
It is the first biotechnology company established in 1998. Its integrated business 
approach has enabled biocon to establish a significemt presence in the global 
biopharmaceutical market. From early stage drug discovery to clinical development and 
commercialization the collective expertise and resources are leveraged to provide an 
innovative range of products and services. 
Bio-Con has the state-of-the-art CGMP compliant manufacturing facilities. 
Expertise include solid state and submerged fermentation, chemical conversion and bio-
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transformation. The manufacturing environment consisting of clean rooms which need 
highly reliable electric power supply. 
The sales turn over of the company in the last financial year (2005-06) was 
Rs.720 crores and net profit of Rs. 182 crores. 
• About energy usage pattern 
Please refer Annexure XII for the data consolidated and provided. The firm uses a 
1250 KVA DG for captive power generation on stand by mode. 
i. The present annual sales turn over of the company is Rs.720 crores 
(2005-06). It has registered a growth of 20% in 2005-06. 
ii. Net profit has been 30.6% in 2004-05 and 25.3% in 2005-06. 
iii. Electricity consumption per unit has been about - (Not Available), 
iv. Cost of electricity generation fi-om diesel generation has been increasing as 
follows: 
• 2003 - 04 = 80% 
• 2005-06=11% 
V. Cost of electricity (grid) as a percentage of sales has been 
• 2005 - 06 = 0.24% 
vi. Cost of electricity per unit of product (Rs./Kg) was about - (Not Available), 
vii. Their experience shows that the diesel price (Rs./ltr) may increase at a 
cumulative average rate of about 9.5% per annum. 
viii.They get about 3.2 units (kwh) per litre on an average for the 500 KVA 
Generator, 
ix. Annual maintenance cost as a percentage of initial investment of DG plant 
works out to 11.76%. 
 
 
 
 
 
  
 
 
 
Captive power 150 
3.2.4 Cement 
3.2.4.1 Ambuja Cement, Kolkata 
• About the firm 
The Kolkata firm carries out only the grinding (Processed limestone is ground 
with flyash and gypsum in the form of fine granules) and packing. The process flow is 
given in Figure 47. 
( 
r lyaSn 
Unloading 
to 
Silos 
='roce& 
the for 
sed limestone 
TTi of granules 
in 
I 
i r > r 
Grinding 
Mill 
fll 
> 
legt 
k ' 
anu 
Packing 
les 
Input 
Clinker 
Figure 47. Process diagram of Ambuja Cement 
The plant has a capacity to manufacture 1 million tonnes. The cormected load to 
the captive power system is 10.5 MW. The peak demand is about 7.5 MW. 
The clinker is received by Rail fi-om their Chattisgarh unit. 
• About energy usage patterns 
Please refer Annexure XIII for the data consolidated and provided. The firm uses 
diesel generators as follows: for their captive power use. They have not taken any grid 
power supply since reliable and continuous power supply is very important for the 
operations 
• 6000KVA-lno. 
• 4000KVA-lno. 
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• lOOOKVA-lno. 
For my study, the 1000 KVA DG details were investigated. 
i. The present annual sales turn over of the company is Rs.l98 crores 
(2003-04), Rs.230 crores (2004-05) and Rs.363 crores (2005-06). It has 
registered a growth of 16% in 2003-04, and 58% in 2004-05. 
ii. Net profit has been 10%, 8%, and 10% respectively from 2003-04 to 
2005-06 respectively, 
iii. Electricity consumption per unit has been about 0.04 kwh (unit) / Kg in 
2005-06. 
iv. Cost of electricity generation from diesel generation has been increasing as 
follows: 
• 2004-05=11.1% 
• 2005-06 = 3.9% 
v. Cost of electricity (grid) as a percentage of sales has been 
• Not Applicable 
vi. Cost of electricity per unit of product (Rs./Kg) was about 1.4 in 2004-05 
and 1 in 2005-06. 
vii. Their experience shows that the diesel price (Rs./ltr) may increase at a 
cumulative average rate of about 20.36% per annum. 
viii.They get about 4.1 units (kwh) per litre on an average for the 1000 KVA 
Generator, 
ix. Annual maintenance cost as a percentage of initial investment of DG plant 
works out to 12.72%. 
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3.2.5. Engineering 
3.2.5.1 Bimetal Bearing Ltd, Coimbatore 
• About the firm 
The Bimetal bearing industry is an industry ancillary to the prime mover engine 
manufacturing sector and manufactures bearing as per design supplied by the user 
industry. 
A bimetal bearing is a component made out of steel strip lined with bearing 
material. It is used in the crank shaft, connecting rod and cam shaft assemblies of any 
engine or equipment with reciprocating and revolving systems, ft finds applications in all 
varieties of diesel engines, petrol engines and air compressors. 
Bimetal Bearing Ltd, a leading member of the Amalgamations Group, Chennai 
had its origin in the early sixties when the company was promoted as a joint venture with 
Clevite Corporation, USA and Rapco Australia. Over the decades the company has 
emerged as a leading manufacturer in India of engine bearings, bushes and thrust washers 
for all segments of the auto, tractor and industrial markets. 
BEL is a multi plant operation with the Alloy powder facility. Strip Mill and 
Bushing Plant at Chennai, Bearing Plants at Hosur and Coimbatore. 
The study was conducted at the bearing plant at Hosur. Here BBL uses inter-
linked single machine Transfer-line concept that combines flexibility for small batches as 
well as capability to produce wide diameter range 35 mm to 125 mm diameters. The most 
important process here is the fully automated plating system. It employs: 
• Carousel and transporter lines 
• Electronic constant current plating control with feed back systems 
• Newer transporter automatic plating system to cater to large diameter bearings. 
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Uninterrupted power supply is very important for the plating process. Therefore 
the firm operates its Diesel Generator on a continuous basis. There are two Diesel 
Generators of 1000 KVA and 625 KVA and the 625 KVA works on '24 hours x 7' basis. 
Brief production sequence is given in Figure 48: 
Blanking Foaming Phasing 
Notching 
and 
Milling 
Growing PL Shaping Boring Plating 
Figure 48. Production sequence of Bi-Metal Bearing 
The planting shop, continuously fed by the 625 KVA diesel generator supplies 
about 158000 kwh / month. It processes 60000 pes / day. Any break in power is estimated 
to result is a loss of about Rs.l lac (per fluctuation). 
• About energy usage patterns 
Please refer Annexure XIV for the data consolidation and provided. The firm uses 
625 KVA DG for captive power generation on stand by mode. 
i. The present annual sales turn over of the company is Rs.40 crores. It has 
registered a growth of 2.7% in 2003-04,53% in 2004-05. 
ii. Net profit has been - NA. 
iii. Electricity consumption per unit has been about - NA 
iv. Cost of electricity generation from diesel generation has been increasing as 
follows: 
• 2003 - 04 = 30% 
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• 2004-05=10.5% 
V. Cost of electricity (grid) as a percentage of sales has been 
• 2003 - 04 = 2.97% 
• 2004 - 05 = 2.89% 
• 2005-06 = 2.10% 
vi. Cost of electricity per unit of product was about - NA 
vii. Their experience shows that the diesel price (Rs./ltr) may increase at a 
cumulative average rate of about 22% per annum. 
viii.They get about 3.6 units (kwh) per litre on an average for the 625 KVA 
Generator, 
ix. Annual maintenance cost as a percentage of initial investment of DG plant 
works out to 11.05%. 
3.2.5.2 Salzer Electronics Ltd. 
• About the firm 
The company was established in 1985 to design and manufacture world class cam 
operated Rotary Switches in technical collaboration with M/S. Salzer Schaltgerete Fabrik, 
GmbH, Germany. Salzer is the market leader in India for rotary switches. The product 
range include Load Break Switches, Proximity Switches, Modular Switches, Automobile 
Switches, Wiring ducts. Terminal connectors and Torroidal Transformers. 
The firm is self contained with a self sufficient captive tool room. It is an ISO 
9001:2000 certificated company. Study was conducted on their Unit 1 manufacturing 
rotary switches. The general production sequence followed is given in Figure 49. 
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3500 machine-hours/months 
Quality 
Control Assembly 
- • S w i t c h e s 
Brass 
Copper 
M S Steel 
Press 
T 
Contacts 
-+• 2.25 T P M 
4.5 T P M 
50%' loss 
Figure 49. Process sequence flow of Salzer Electronics 
It could be observed that the production is heavily machine oriented and therefore 
the average electricity consumption per month is about 30,000 units. 
The connected load of the plant is 210 HP. Maximum demand sanctioned is 
112 KW. The stand-by back up is provided by a 160 KVA Diesel Generator. 
The annual sales turn over of the company is Rs.25 crores. The total staff strength 
is about 200. 
• About energy usage patterns 
Please refer Annexure XV for the data consolidation and provided. The firm uses 
160 KVA DG for captive power generation on stand by mode. 
i. The present annual sales turn over of the company is Rs.25 crores. It has 
registered a growth of 40% in 2002-03, 6.5% in 2003-04 and 34% in 
2004-05. 
ii. Net profit has been 5.4%, 8.3%, and 8.8% respectively from 2002-03 to 
2004-05 respectively, 
iii. Electricity consumption per unit has been about 1.0 kwh (unit) per Kg in 
2003-04. 
iv. Cost of electricity generation fi-om diesel generation has been increasing as 
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follows: 
• 2003 - 04 = 63% 
• 2004-05-41.5% 
V. Cost of electricity (grid) as a percentage of sales has been 
• 2004-05=1.3% 
vi. Cost of electricity per unit of product was about - NA 
vii. Their experience shows that the diesel price (Rs./Itr) may increase at a 
cumulative average rate of about 50% per annum. 
viii.They get about 2.4 units (kwh) per litre on an average for the 160 KVA 
Generator, 
ix. Annual maintenance cost as a percentage of initial investment of DG plant 
works out to 12%. 
3.3 Energy and economic impact of Captive power generation system for the select 
segments under two scenarios 
3.3.1 About the approach 
Life cycle is a method of economic evaluation which calculates the total cost of 
ownership over the life of the system. For each of the select firms the present captive 
power generation inputs deploying diesel generators are taken note of and life cycle cost 
for 20 years is computed using the model prescribed by the "Course Manual" of Florida 
Solar Energy Center, Florida [4]. One of the inputs for the above computation is the 
diesel price escalation in percentage. The methodology adopted for forecasting the diesel 
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price is given in detail under para 4.2.2. 
Further, for the select firms, as per the design methodology explained under 
para 2.7.4. Stand alone solar PV system to provide equivalent electrical energy 
(equivalent to that supplied by the respective diesel generator) was found out and the life 
cycle cost of the electrical energy generated by that system has been computed again, 
using the model prescribed by the course manual. From the discussions with the battery 
manufacturers and desk research, the life of the battery was inferred as 5 years. It could 
therefore be observed in the life cycle computation that 'cost of battery replacement' after 
every 5 years has been incorporated in the computation. 
LCC of both the diesel generator (existing) and equivalent solar PV system has 
been compared to project the economics. Details about LCC computation is given in 
para 2.7.6.2. 
3.3.2 Forecasting price of diesel 
'MINITAB and SAS' statistical packages have been used to forecasting the price 
of diesel [3] [5]. The independent variable chosen are as follows: 
i. Price of Crude ($ / barrel): 
The data for this has been taken from www.eia.gov (attached as Annexure 
XXXIV) 
ii. Foreign exchange parity (Rs./US $): 
The data for this has been taken from www.federalreserve.gov (attached as 
Annexure XXXV) 
iii. Customs duty 
The data for this has been taken fi-om http://fiimiin.nic.in/ 
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iv. Installed capacity of Diesel power generation in the country (India) 
The data for this has been taken from TEDDY 2003/04 
V. High speed diesel consumption in transport sector 
The data for this has been taken from TEDDY 2003/04 
vi. Light diesel consumption in transport sector 
The data for this has been taken from TEDDY 2003/04 
vii. Fuel oil consumption in transport sector 
The data for this has been taken from TEDDY 2003/04 
viii. GDP growth of India 
The data for this has been taken from http://eaindustry.nic.in/mes/gdp.htm 
ix. Consumer price index 
The data for this has been taken from http://www.rbi.org.in 
X. Wholesale price index 
The data for this has been taken from http://www.rbi.org.in 
xi. Agricultural growth 
The data for this has been taken from http://www.rbi.org.in 
xii. Allocation for defense 
The data for this has been taken from http://finmin.nic.in/ 
3.3.2.1 Diesel Price 
The concept followed has been explained in detail in Chapter - 4. Working on 
statistical package, suggests that the dependent variable diesel is intluenced signitlcantly 
by the following parameters: 
i. Price of crude in $ / barrel 
ii. Foreign exchange parity 
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iii. Customs duty 
iv. Diesel Power Generation installed capacity 
V. High speed diesel consumption in transport 
vi. Light diesel consumption in transport 
vii. Fuel oil consumption in transport 
Analysis using Regression and Time series forecasting [ 1 ] [2] methods is done on 
data stored in SAS format for years 1994 to 2005. 
Table 29, furnishes the forecasting results of diesel. The price forecast using the 
trends of the past gives a figure of Rs.32.54 / litre for year 2006. This, more or less tallies 
with actual price. Further, it could be observed that the fuel escalation rate (for use in the 
Life Cycle Cost Analysis) works out to about 17% per annum on an average as shown 
below: 
1. Price of diesel / litre for year 2006 = 32.54 
2. Price of diesel forecasting for year 2026 = 142.67 
. ^ (142.67-32.54) 
3. Percentage mcrease = -^^  ^xl00=338.44 
32.54 
338 44 
4. Annual average rate of increase estimated = '•—=16.92% i.e. 17% 
20 
This figure of 17% has been used under 'E3' (fuel escalation rate) in LCC 
computations given in this chapter. 
3.3.3 Forecasting price of Solar Photovoltaic 
The approach followed for forecasting price of solar photovoltaics has also been 
similar to that of diesel. 
MINITAB statistical package has been used to forecast the price of solar. The 
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solar PV system price depends on the solar PV module price. Although, Battery and 
Inverter price variations also cause impact on SPV system price, in this study only the 
major variable Solar PV Module price is considered. Working on the statistical packages 
suggest that the dependent variable Solar PV Module price is influenced significantly by 
the following parameters in India, 
i. Foreign exchange parity 
Since many balancing materials required for manufacture of solar PV cells and 
modules are imported, the foreign exchange parity (Rs. / US $) influences the module 
price. 
ii. Custom duty 
The custom duty on import of most of the items for manufacture of solar PV cells 
and Modules have either been brought down to zero or have been brought down to 5%. 
iii. Module International Price 
The module price in India do not follow any cost parameters. It is related to the 
International Module price of US $ / wattpeak. This factor has also been taken into 
consideration in my analysis. 
The inference is given in detail in Chapter - 4. 
3.3.4 Life Cycle Cost (LCC) analysis under the two scenarios [4] 
3.3.4.1 Scenario - 1 Captive power using Diesel Power Generation System 
3.3.4.1.1 Anugraha Valves, Cuinibalore 
Please refer Annexure XVI which provides detailed computation of Life Cycle 
Costing based on the data as furnished in Datasheet I given in Annexure - VII. This 
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computation is carried out based on the guidelines indicated above. 
The following points may be noted in this regard. 
i. It can be observed from the Datasheet I that the firm uses 5 nos. of Diesel 
Generators as follows: 
• 500KVA-2nos. 
• 380KVA-lno. 
• 250KVA-lno. 
• 225KVA-lno . 
For my study, I have chosen 1 no. 500 KVA DG system. 
ii. The firm uses on an average 600 hours / annum at about 2 hours / day 
iii. Fuel consumption was found to be about 85 Itr/hr. 
iv. The investment for the Diesel Generator along with accessories and 
electrical infrastructure was given as Rs.30.00 lacs. 
V. Power factor for the generator is given as 0.8. The generator almost always 
run at less than 70% load, 
vi. The annual maintenance cost of the generator is given as about 
Rs.3,70,000. This includes the man power cost and the lubrication oil cost, 
vii. Life of the generator is indicated as approximately 36,500 hours by the 
manufacturer, 
viii. For the LCC computation, the desired system life is considered to be 20 
years which is the life of the 'new system (SPV)' being evaluated, 
ix. The inflation rate, based on the current trend in India, is taken to be 6% per 
annum. 
X. Detailed Time Series Analysis carried out (as given in para 4.2.2) using 
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SAS software package gives the average escalation rate for diesel 
(forecast) to be about 17% per annum, 
xi. The discount rate, as per investigations carried out with some financial 
institutions and banks and discussions with certain experts, comes out as 
13% per annum, 
xji. As per Anugraha valves records, the fiiel cost including transportation and 
storage currently works out to Rs.48/ltr. 
xiii. The number of working days, as per the firm is to be taken as 300 days per 
annum, 
xiv. As per the model, the 'present worth of generator system' works out to 
Rs.78893041. 
XV. The electricity produced by the diesel generator system over the desired 
system life works out to 38,40,000 Kwh. 
xvi. The 'present value of electricity generation' in the current scenario, 
therefore, works out to Rs.20.5 per vmit (kwh). 
3.3.4.1.2 Amtek Casting, Coimbatore 
Please refer Armexure XVII which provides detailed computation of Life Cycle 
Costing based on the data as furnished in Datasheet II given in Armexure VIII. This 
computation is carried out based on the guidelines indicated above. 
The following points may be noted in this regard. 
i. it can be observed from the Datasheet II that the firm uses 1 no. of Diesel 
Generators as follows: 
• l lOKVA- lno . 
For my study, I have chosen 1 no. 110 KVA DG system. 
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ii. The firm uses on an average 600 hours / annum at about 2 hours / day 
iii.Fuel consumption was found to be about 22 hr/hr. 
iv. The investment for the Diesel Generator along with accessories and 
electrical infrastructure was given as Rs.7.00 lacs. 
V. Power factor for the generator is given as 0.8. The generator almost always 
run at less than 70% load, 
vi. The annual maintenance cost of the generator is given as about Rs.65,000. 
This includes the man power cost and the lubrication oil cost, 
vii. Life of the generator is indicated as approximately 36,500 hours by the 
manufacturer, 
viii. For the LCC computation, the desired system life is considered to be 20 
years which is the life of the 'new system (SPV)' being evaluated, 
ix. The inflation rate, based on the current trend in India, is taken to be 6% per 
annum. 
X. Detailed Time Series Analysis carried out (as given in para 4.2.2) using 
SAS software package gives the average escalation rate for diesel 
(forecast) to be about 17% per annum, 
xi. The discount rate, as per investigations carried out with some financial 
institutions and banks and discussions with certain experts, comes out as 
13% per annum, 
xii. As per Amtek Casting records, the fuel cost including transportation and 
storage currently works out to Rs.50/ltr. 
xiii.The number of working days, as per the firm is to be taken as 300 days 
per annum. 
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xiv. As per the model, the 'present worth of generator system' works out to 
Rs.20793165. 
XV. The electricity produced by the diesel generator system over the desired 
system life works out to 8,44,800 Kwh. 
xvi. The 'present value of electricity generation' in the current scenario, 
therefore, works out to Rs.24.6 per unit (kwh). 
3.3.4.1.3 Jayshreee Textiles, Kolkata 
Please refer Annexure XVIII which provides detailed computation of Life Cycle 
Costing based on the data as furnished in Datasheet III given in Annexure IX. This 
computation is carried out based on the guidelines indicated above. 
The following points may be noted in this regard. 
i. It can be observed from the Datasheet III that the firm uses 14 nos. of 
Diesel Generators as follows: 
• 860KVA-5nos. 
• 1000KVA-5nos. 
• 1250KVA-4nos. 
For my study, I have chosen 1 no. 860 KVA DG system, 
ii. The firm uses on an average 600 hours / annum at about 2 hours / day 
iii.Fuel consumption was found to be about 140 Itr/hr. 
iv. The investment for the Diesel Generator along with accessories and 
electrical infrastructure was given as Rs.42.00 lacs. 
V. Power factor for the generator is given as 0.8. The generator almost always 
run at less than 70% load, 
vi. The annual maintenance cost of the generator is given as about Rs.500000. 
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vii. Life of the generator is indicated as approximately 36,500 hours by the 
manufacturer, 
viii. For the LCC computation, the desired system life is considered to be 20 
years which is the life of the 'new system (SPV)' being evaluated, 
ix. The inflation rate, based on the current trend in India, is taken to be 6% per 
annum. 
X. Detailed Time Series Analysis carried out (as given in para 4.2.2) using 
SAS software package gives the average escalation rate for diesel 
(forecast) to be about 17% per armum. 
xi. The discount rate, as per investigations carried out with some financial 
institutions and banks and discussions with certain experts, comes out as 
13% per annum, 
xii. As per Jayshree Textils records, the ftiel cost including transportation and 
storage currently works out to Rs.50/ltr. 
xiii. The number of working days, as per the firm is to be taken as 300 days 
per annum. 
xiv.As per the model, the 'present worth of generator system' works out to 
Rs. 132980535. 
XV. The electricity produced by the diesel generator system over the desired 
system life works out to 66,04,800 Kwh. 
xvi. The 'present value of electricity generation' is the current scenario, 
therefore, works out to Rs.20.1 per unit (kwh). 
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3.3.4.1.4 Eastern Spinwell, Coimbatore 
Please refer Annexure XIX which provides detailed computation of Life Cycle 
Costing based on the data as furnished in Datasheet IV given in Annexure X. This 
computation is carried out based on the guidelines indicated above. 
The following points may be noted in this regard. 
i. It can be observed from the Datasheet IV that the firm uses 2 nos. of Diesel 
Generators as follows: 
• 380KVA-lno. 
• 250KVA-lno. 
For my study, I have chosen 1 no. 250 KVA DG system. 
ii. The firm uses on an average 600 hours / aimum at about 2 hours / day 
iii.Fuel consumption was found to be about 42 Itr/hr. 
iv. The investment for the Diesel Generator along with accessories and 
electrical infrastructure was given as Rs. 17.00 lacs. 
V. Power factor for the generator is given as 0.8. The generator almost always 
run at less than 70% load, 
vi. The annual maintenance cost of the generator is given as about 
Rs.2,50,000. 
vii. Life of the generator is indicated as approximately 36,500 hours by the 
manufacturer, 
viii. For the LCC computation, the desired system life is considered to be 20 
years which is the life of the 'new system (SPV)' being evaluated, 
ix. The inflation rate, based on the current trend in India, is taken to be 6% per 
annum. 
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X. Detailed Time Series Analysis carried out (as given in para 4.2.2) using 
SAS software package gives the average escalation rate for diesel 
(forecast) to be about 17% per annum, 
xi. The discount rate, as per investigations carried out with some financial 
institutions and banks and discussions with certain experts, comes out as 
13% per annum, 
xii. As per Eastern Spinwell records, the fuel cost including transportation and 
storage currently works out to Rs.44/ltr. 
xiii. The number of working days, as per the firm is to be taken as 300 days 
per annum. 
xiv.As per the model, the 'present worth of generator system' works out to 
Rs.36948155. 
XV. The electricity produced by the diesel generator system over the desired 
system life works out to 1920000 Kwh. 
xvi. The 'present value of electricity generation' in the current scenario, 
therefore, works out to Rs.19.2 per unit (kwh). 
3.2.4.1.5 Hindustan Glass, Kolkata 
Please refer Annexure XX which provides detailed computation of Life Cycle 
Costing based on the data as furnished in Datasheet V given in Annexure XI. This 
computation is carried out based on the guidelines indicated above. 
The following points may be noted in this regard. 
i. It can be observed from the Datasheet V that the firm uses 5 nos. of Diesel 
Generators as follows: 
• 860 KVA-2nos. 
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• 1200KVA-lno. 
• 2600KVA-lno. 
• 3600KVA-lno. 
For my study, I have chosen 1 no. 860 KVA DG system. 
ii. The firm uses on an average 600 hours / annum at about 2 hours / day 
iii.Fuel consumption was found to be about 140 Itr/hr. 
iv. The investment for the Diesel Generator along with accessories and 
electrical infrastructure was given as Rs.42.00 lacs. 
V. Power factor for the generator is given as 0.8. The generator almost always 
run at less than 70% load, 
vi. The annual maintenance cost of the generator is given as about 
Rs.6,00,000. This includes the man power cost and the lubrication oil cost, 
vii. Life of the generator is indicated as approximately 36,500 hours by the 
manufacturer. 
viii.For the LCC computation, the desired system life is considered to be 20 
years which is the life of the 'new system (SPV)' being evaluated, 
ix. The inflation rate, based on the current trend in India, is taken to be 6% per 
annum. 
X. Detailed Time Series Analysis carried out (as given in para 4.2.2) using 
SAS software package gives the average escalation rate for diesel 
(forecast) to be about 17% per annum, 
xi. The discount rate, as per investigations carried out with some tlnancial 
institutions and banks and discussions with certain experts, comes out as 
. 13% per annum. 
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xii. As per Hindustan Glass records, the fuel cost including transportation and 
storage currently works out to Rs.45/ltr. 
xiii.The number of working days, as per the firm is to be taken as 300 days 
per annum. 
xiv.As per the model, the 'present worth of generator system' works out to 
Rs.121691583. 
XV. The electricity produced by the diesel generator system over the desired 
system life works out to 6604800 Kwh. 
xvi. The 'present value of electricity generation' in the current scenario, 
therefore, works out to Rs.18.4 per unit (kwh). 
3.3.4.1.6 Bio-Con, Bangalore 
Please refer Annexure XXI which provides detailed computation of Life Cycle 
Costing based on the data as furnished in Datasheet VI given in Annexure XII. This 
computation is carried out based on the guidelines indicated above. 
The following points may be noted in this regard. 
i. It can be observed from the Datasheet VI that the firm uses 5 nos. of Diesel 
Generators as follows: 
• 1250KVA-4nos. 
• 2000 KVA - 1 no. 
For my study, 1 have chosen 1 no. 1250 KVA DC system, 
ii. The firm uses on an average 600 hours / annum at about 2 hours / day. 
iii.Fuel consumption was found to be about 190 Itr/hr. 
iv. The investment for the Diesel Generator along with accessories and 
electrical infrastructure was given as Rs.68.00 lacs. 
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V. Power factor for the generator is given as 0.8. The generator almost always 
run at less than 70% load. 
vi.The annual maintenance cost of the generator is given as about 
Rs.8,00,000. This includes the man power cost and the lubrication oil cost, 
vii. Life of the generator is indicated as approximately 36,500 hours by the 
manufacturer. 
viii.The inflation rate, based on the current trend in India, is taken to be 6% 
per annum, 
ix. Detailed Time Series Analysis carried out (as given in para 4.2.2) using 
SAS software package gives the average escalation rate for diesel 
(forecast) to be about 17% per annum. 
X. The discount rate, as per investigations carried out with some financial 
institutions and banks and discussions with certain experts, comes out as 
13%peraimum. 
xi. As per BioCon records, the fiiel cost including transportation and storage 
currently works out to Rs.45/ltr. 
xii. The number of working days, as per the firm is to be taken as 300 days per 
annum, 
xiii. As per the model, the 'present worth of generator system' works out to 
Rs.166101520. 
xiv. The electricity produced by the diesel generator system over the desired 
system life works out to 9600000 Kwh. 
XV. The 'present value of electricity generation' ift the current scenario, 
therefore, works out to Rs.17.3 per unit (kwh). 
 
 
 
 
 
  
 
 
 
Captive power 171 
3.3.4.1.7 Amhuja Cement, Kolkala 
Please refer Annexure XXII which provides detailed computation of Life Cycle 
Costing based on the data as furnished in Datasheet VII given in Annexure Xill. This 
computation is carried out based on the guidelines indicated above. 
The following points may be noted in this regard. 
i. It can be observed from the Datasheet VII that the firm uses 3 nos. of 
Diesel Generators as follows: 
• 6000 KVA - 1 no. 
• 4000 KVA - 1 no. 
• 1000 KVA-1 no. 
ii. The firm uses on an average 8760 hours / annum at about 24 hours / day. 
iii.Fuel consumption was found to be about 162 Itr/hr. 
iv.The investment for the Diesel Generator along with accessories and 
electrical infrastructure was given as Rs.55.00 lacs, 
v. Power factor for the generator is given as 0.8. The generator almost always 
run at less than 70% load, 
vi. The annual maintenance cost of the generator is given as about 
Rs.7,00,000. This includes the man power cost and the lubrication oil cost. 
vii. Life of the generator is indicated as approximately 36,500 hours by the 
manufacturer. 
viii.For the LCC computation, the desired system life is considered to be 20 
years which is the life of the 'new system (SPV)' being evaluated. 
ix.The inflation rate, based on the current trend in India, is taken to be 6% per 
annum. 
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X. Detailed Time Series Analysis carried out (as given in para 4.2.2) using 
SAS software package gives the average escalation rate for diesel 
(forecast) to be about 17% per annum, 
xi. The discount rate, as per investigations carried out with some financial 
institutions and banks and discussions with certain experts, comes out as 
13% per annum, 
xii. As per Ambuja Cements records, the fuel cost including transportation 
and storage currently works out to Rs.52/ltr. 
xiii. The number of working days, as per the firm is to be taken as 365 days 
per annum, 
xiv. As per the model, the 'present worth of generator system' works out to 
Rs.2182528445. 
XV. The electricity produced by the diesel generator system over the desired 
system life works out to 112128000 Kwh. 
xvi. The 'present value of electricity generation' in the current scenario, 
therefore, works out to Rs.19.5 per unit (kwh). 
3.3.4.1.8 Bi-Metal, Coimbatore 
Please refer Annexure XXIII which provides detailed computation of Life Cycle 
Costing based on the data as furnished in Datasheet VIII given in Annexure XIV. This 
computation is carried out based on the guidelines indicated above. 
The following points may be noted in this regard. 
i. It can be observed from the Datasheet VIII that the firm uses 2 nos. of 
Diesel Generators as follows: 
• 625KVA-lno. 
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• lOOOKVA-lno. 
For my study, 1 have chosen 1 no. 625 KVA DG system, 
ii. The firm uses on an average 7920 hours / annum at about 24 hours / day. 
iii.Fuel consumption was found to be about 110 Itr/hr. 
iv. The investment for the Diesel Generator along with accessories and 
electrical infrastructure was given as Rs.38.00 lacs. 
V. Power factor for the generator is given as 0.8. The generator almost always 
run at less than 70% load, 
vi. The annual maintenance cost of the generator is given as about 
Rs.4,20,000. This includes the man power cost and the lubrication oil cost, 
vii. Life of the generator is indicated as approximately 36,500 hours by the 
manufacturer, 
viii. For the LCC computation, the desired system life is considered to be 20 
years which is the life of the 'new system (SPV)' being evaluated, 
ix. The inflation rate, based on the current trend in India, is taken to be 6% per 
annum. 
X. Detailed Time Series Analysis carried out (as given in para 4.2.2) using 
SAS software package gives the average escalation rate for diesel 
(forecast) to be about 17% per annum, 
xi. The discount rate, as per investigations carried out with some financial 
institutions and banks and discussions with certain experts, comes out as 
13% per annum. 
xii. As per Bi-Metal Bearing records, the fijel cost including transportation 
and storage currently works out to Rs.45/ltr. 
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xiii.The number of working days, as per the firm is to be taken as 330 days 
per annum, 
xiv. As per the model, the 'present worth of generator system' works out to 
Rs.l 160880013. 
XV. The electricity produced by the diesel generator system over the desired 
system life works out to 63360000 Kwh. 
xvi. The 'present value of electricity generation' in the current scenario, 
therefore, works out to Rs. 18.3 per unit (kwh). 
3.3.4.1.9 Salzer Electronics, Coimbatore 
Please refer Annexure XXIV which provides detailed computation of Life Cycle 
Costing based on the data as furnished in Datasheet IX given in Annexure XV. This 
computation is carried out based on the guidelines indicated above. 
The following points may be noted in this regard. 
i. It can be observed from the Datasheet IX that the firm uses 1 nos. of Diesel 
Generators as follows: 
• 160KVA-lno. 
ii. The firm uses on an average 1155 hours / armum at about 3.5 hours / day. 
iii.Fuel consumption was found to be about 30 Itr/hr. 
iv. The investment for the Diesel Generator along with accessories and 
electrical infrastructure was given as Rs.l0.00 lacs. 
V. Power factor for the generator is given as 0.8. The generator almost always 
run at less than 70% load, 
vi. The annual maintenance cost of the generator is given as about 
Rs.l,20,000. This includes the man power cost and the lubrication oil cost. 
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vii. Life of the generator is indicated as approximately 36,500 hours by the 
manufacturer. 
viii.For the LCC computation, the desired system life is considered to be 20 
years which is the life of the 'new system (SPV)' being evaluated, 
ix. The inflation rate, based on the current trend in India, is taken to be 6% per 
annum. 
X. Detailed Time Series Analysis carried out (as given in para 4.2.2) using 
SAS software package gives the average escalation rate for diesel 
(forecast) to be about 17% per annum, 
xi. The discount rate, as per investigations carried out with some financial 
institutions and banks and discussions with certain experts, comes out as 
13% per annum, 
xii. As per Salzer Electronics records, the fuel cost including transportation 
and storage currently works out to Rs.49/ltr. 
xiii.The number of working days, as per the firm is to be taken as 330 days 
per annum, 
xiv. As per the model, the 'present worth of generator system' works out to 
Rs.52189498. 
XV. The electricity produced by the diesel generator system over the desired 
system life works out to 2365440 Kwh. 
xvi. The 'present value of electricity generation' in the current scenario, 
therefore, works out to Rs.22.1 per unit (kwh). 
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3.3.4.2 Scenario - 2 Captive power generation using Solar Photovoltaic Power System 
Please note that the focus of the thesis is to compare costs of Power Generation by 
Diesel Generators with that of Stand Alone Solar Photovoltaic System (which provides 
equivalent electricity) on a Life Cycle Cost basis. The LCC of diesel power generation 
has been computed as given in section 3.3.4.1 for the select firms. Before we get on to the 
LCC of'equivalent electricity generation by Stand alone Solar PV System' we need to 
design an SPV system for the respective applications. The following steps have been 
followed for this purpose [4]. 
i. Total energy demand per day which would be the basis for design the SPV 
system is taken fi"om the energy generated by the diesel generator for the 
respective firm per day. This is given as (A8) in Annexure XXV to 
XXXIIL Although the nameplate indicates output power (KVA) the power 
output is assumed to be with an efficiency of 0.8 as it was found that the 
maximum loading that takes place is only up to 80%. 
ii. Further, the SPV system is designed as per the guidelines given in section 
2.7.5.5 (adopted from the 'Photovoltaic System Design'), 
iii. Certain design assumptions have been made as follows, based on the state-
of-the-art technologies prevalent in India. 
a) Inverter efficiency has been assimied to be 0.9. Currently, most 
of the inverters of the capacity under study to be used in solar PV 
systems are imported. A detailed write up on the Inverter 
technology has been given in para 2.7.3.4. 
b) As per the prevailing practice, the DC bus voltage is assumed to 
be 220 volts. 
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c) The Inverter AC output is rated to be 3 Phase, 415 V AC, 50 Hz. 
d) Depth of discharge of battery is taken on the conservative side to 
be 0.5 for prolonged life of the battery. 
e) Battery storage (autonomy) assumed is only one day as the 
application is mostly on 'Stand-by' mode. 
f) For design piuposes Exide battery specifications have been used. 
g) Round trip efficiency of the battery is assumed to be 0.85, as per 
the existing technologies. 
h) Specifications of M/S. Udhaya Energy Services, one of the oldest 
and leading manufacturers of Solar PV modules have been 
considered for design. 
i) Design has been carried out based on 'Annual average solar 
insolation' and this has been taken as 4.5 hours for the locations 
of Chennai, Pondicherry, Kolkata, Bangalore and Coimbatore 
where the firms under study are located. 
j) Power Conditioning Units / Inverters have been taken at design 
rating irrespective of manufacturers, 25% extra capacity has been 
considered during sizing to take care of short-term overloads, 
iv. Economic Conditions assumed for LCC 
a. Desired system life is taken to be 20 years same as the 'Scenario 1' 
analysis. 
b. Inflation rate assumed is same as 'Scenario I' at 6%. 
c. Discount rate assumed is 13%, same as in Scenario 1. 
d. From the stabilized market conditions the cost per peak watt of array is 
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taken as Rs. 175/Wp. This includes the mounting structure cost also. 
This price is based on the forecasted value for solar PV modules in my 
study (Ref. Chapter - 4). 
e. As repair and replacement costs for restoring the entire system to its 
original performance or condition must be considered when 
determining the total present worth of system, battery replacement after 
5 years, 10 years and 15 years have been considered as the Solar PV 
Batteries are generally guaranteed for only 5 years. 
f. As per the budgetary costing of Exide, battery cost has been considered 
at Rs.4000/Kwh. 
g. Based on certain latest tenders, the PCU/Inverter cost is taken at 
Rs.75/Watt. 
h. Battery replacement has been considered every 5 years. 
i. Overall system maintenance cost has been computed at 1 % of the initial 
cost of the system. NPV for this maintenance cost has also been 
factored in. 
3.3.4.2.1 Anug^aha Valves, Coimbatore. 
Please refer Armexure XXV for SPV system design and LCC computation, 
i. Please refer the schematic diagram given. 
ii. The Energy per day to be supplied by the SPV system is 711.11 kwh. 
iii.The PV array required is computed as 229.20 kwp (C14). 
iv. The PCU rating required is 427 Kw (320 / 0.75). 
v. The battery size required is computed as 6000 Ah at 220 volts DC. 
vi. Present worth of energy cost: 
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The following points may be read in conjunction with the LCC computation given 
in Annexure XXV. 
a) As the expected array life is 20 years, no replacement cost is 
considered during the desired system life (F7). 
b) Replacement cost of battery has been considered for 5*^, 10* and 
15^ year respectively. 
c) No replacement cost has been considered for Inverters since in 
the overall cost 1% maintenance cost is considered. 
d) Total present worth of the SPV system works out to 
Rs.89701815. 
e) Present value of equivalent electricity generated from the SPV 
system works out to Rs.23.4 / kwh. 
3.3.4.2.2 Amtek Casting, Coimbatore 
Please refer Aimexure XXVI for SPV system design and LCC computation, 
i. Please refer the schematic diagram given. 
ii. The Energy per day to be supplied by the SPV system is 156.44 kwh. 
iii.The PV array required is computed as 50.4 kwp (CI4). 
iv. The PCU rating required is 94 Kw (70.4 / 0.75). 
v. The battery size required is computed as 1000 Ah at 220 volts DC. 
vi. Present worth of energy cost. 
The following points may be read in conjunction with the LCC computation given 
in Annexure XXVI. 
a) As the expected array life is 20 years, no replacement cost is 
considered during the desired system life (F7). 
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b) Replacement cost of battery has been considered for 5^, \0*^ and 
15^ year respectively. 
c) No replacement cost has been considered for Inverters since in 
the overall cost 1% maintenance cost is considered. 
d) Total present worth of the SPV system works out to 
Rs. 18972794. 
e) Present value of equivalent electricity generated from the SPV 
system works out to Rs.22.5/ kwh. 
3.3.4.2.3 Jayshree Textiles, Kolkata 
Please refer Annexure XXVII for SPV system design for and LCC computation. 
i. Please refer the schematic diagram given. 
ii. The Energy per day to be supplied by the SPV system is 1223.11 kwh. 
iii.The PV array required is computed as 393.60 kwp (CI4). 
iv. The PCU rating required is 734 Kw (550.40 / 0.75). 
V. The battery size required is computed as 11000 Ah at 220 volts DC. 
vi. Present worth of energy cost: 
The following points may be read in conjunction with the LCC computation given 
in Annexure XXVII. 
a) As the expected array life is 20 years, no replacement cost is 
considered during the desired system life (F7). 
b) Replacement cost of battery has been considered for 5'*', 10* and 
15* year respectively. 
c) No replacement cost has been considered for Inverters since in 
the overall cost 1 % maintenance cost is considered. 
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d) Total present worth of the SPV system works out to 
Rs. 155787451. 
e) Present value of equivalent electricity generated from the SPV 
system works out to Rs.23.6 / kwh. 
3.3.4.2.4 Eastern Spimvell, Coimbatore 
Please refer Annexure XXVIII for SPV system design and for LCC computation, 
i. Please refer the schematic diagram given. 
ii. The Energy per day to be supplied by the SPV system is 355.55 kwh. 
iii.The PV array required is computed as 114.00 kwp (C14). 
iv. The PCU rating required is 213 Kw (160 / 0.75). 
V. The battery size required is computed as 3000 Ah at 220 volts DC. 
vi. Present worth of energy cost: 
The following points may be read in conjunction with the LCC computation given 
in Annexure XXVllI. 
a) As the expected array life is 20 years, no replacement cost is 
considered during the desired system life (F7). 
b) Replacement cost of battery has been considered for 5*, 10* and 
15* year respectively. 
c) No replacement cost has been considered for Inverters since in 
the overall cost 1% maintenance cost is considered. 
d) Total present worth of the SPV system works out to 
Rs.44745907. 
e) Present value of equivalent electricity generated from the SPV 
system works out to Rs.23.3 / kwh. 
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3.3.4.2.5 Hindustan Glass, Kolkata 
Please refer Annexure XXIX for SPV system design and for LCC computation, 
i. Please refer the schematic diagram given. 
ii. The Energy per day to be supplied by the SPV system is 1223.11 Kwh. 
iii.The PV array required is computed as 394.80 kwp (C14). 
iv. The PCU rating required is 734 Kw (550.4 / 0.75). 
V. The battery size required is computed as 2420Ah at 220 volts DC. 
vi. Present worth of energy cost: 
The following points may be read in conjunction with the LCC computed given in 
Annexure XXIX. 
a) As the expected array life is 20 years, no replacement cost is 
considered during the desired system life (F7). 
b) Replacement cost of battery has been considered for 5*, 10'*' and 
15'*' year respectively. 
c) No replacement cost has been considered for Inverters since in 
the overall cost 1% maintenance cost is considered. 
d) Total present worth of the SPV system works out to Rs. 155997451 
e) Present value of equivalent electricity generated from the SPV 
svstem works out to Rs.23.6 / kwh. 
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3.3.4.2.6 Bio-Con, Bangalore 
Please refer Annexure XXX for SPV system design and for LCC computation, 
i. Please refer the schematic diagram given. 
ii. The Energy per day to be supplied by the SPV system is 1777.77 Kwh. 
iii.The PV array required is computed as 573.600 kwp (CI4). 
iv. The PCU rating required is 1333 Kw (800 /0.75). 
V. The battery size required is computed as 3520 Ah at 220 voUs DC. 
vi. Present worth of energy cost: 
The following points may be read in conjunction wdth the LCC complete given in 
Annexure XXX. 
a) As the expected array life is 20 years, no replacement cost is 
considered during the desired system life (F7). 
b) Replacement cost of battery has been considered for 5*, lO*** and 
15* year respectively. 
c) No replacement cost has been considered for hiverters since in 
the overall cost 1% maintenance cost is considered. 
d) Total present worth of the SPV system works out to 
Rs.226726492. 
e) Present value of equivalent electricity generated from the SPV 
system works out to Rs.23.6 / kwh. 
3.3.4.2.7 Ambuja Cement, Kolkata 
Please refer Annexure XXXI for SPV system design and for LCC computation 
i. Please refer the schematic diagram given. 
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ii. The Energy per day to be supplied by the SPV system is 17066.66 Kwh. 
iii.The PV array required is computed as 5508.00 kwp (C14). 
iv. The PCU rating required is 853.33 Kw (640 / 0.75). 
V. The battery size required is computed as 155000 Ah at 220 volts DC. 
vi. Present worth of energy cost: 
The foUov^ dng points may be read in conjunction with the LCC complete given in 
Annexure XXXI. 
a) As the expected array life is 20 years, no replacement cost is 
considered during the desired system life (F7). 
b) Replacement cost of battery has been considered for 5'*', 10* and 
15* year respectively. 
c) No replacement cost has been considered for Inverters since in 
the overall cost 1% maintenance cost is considered. 
d) Total present worth of the SPV system works out to 
Rs. 1401558200. 
e) Present value of equivalent electricity generated from the SPV 
system works out to Rs.12.5 / kwh. 
3.3.4.2.8Bi-Metal, Coimbatore 
Please refer Annexure XXXII for SPV system design and for LCC computation, 
i. Please refer the schematic diagram given. 
ii. The Energy per day to be supplied by the SPV system is 10666.66 Kwh. 
iii.The PV array required is computed as 3442.80 Kwp (C14). 
iv. The PCU rating required is 535 Kw (400 / 0.75). 
V. The battery size required is computed as 97000 Ah at 220 volts DC. 
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vi. Present worth of energy cost: 
The following points may be read in conjunction with the LCC computed given in 
Annexure XXXII. 
a) As the expected array life is 20 years, no replacement cost is 
considered during the desired system life (F7). 
b) Replacement cost of battery has been considered for 5**", lO"^  and 
15* year respectively. 
c) No replacement cost has been considered for Inverters since in 
the overall cost 1% maintenance cost is considered. 
d) Total present worth of the SPV system works out to 
Rs.876322244. 
e) Present value of equivalent electricity generated from the SPV 
system works out to Rs. 13.8/ kwh. 
3.3.4.2.9 Salzer Electronics, Coimbatore 
Please refer Aimexure XXXIII for SPV system design and for LCC computation. 
i. Please refer the schematic diagram given. 
ii. The Energy per day to be supplied by the SPV system is 398.22 kwh. 
iii.The PV array required is computed as 128.400 kWp (C14). 
iv. The PCU rating required is 136.5 Kw (102.4 / 0.75). 
v. The battery size required is computed as 4000 Ah at 220 volts DC. 
vi. Present worth of energy cost: 
The following points may be read in conjunction with the LCC complete given in 
Annexure XXXIII. 
a) As the expected array life is 20 years, no replacement cost is 
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considered during the desired system life (F7). 
b) Replacement cost of battery has been considered for S"', 10* and 
15"^  year respectively. 
c) No replacement cost has been considered for Inverters since in 
the overall cost 1% maintenance cost is considered. 
d) Total present worth of the SPV system works out to 
Rs.43262647. 
e) Present value of equivalent electricity generated from the SPV 
system works out to Rs. 18.3 / kwh. 
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CHAPTER-4 RESEARCH METHODOLOGY 
4.1 Objective of study 
The main objective of the study as indicated in Chapter-1 is to bring out the 
significance of energy costs in the select industries under the two scenarios of captive 
power generation by Diesel Generators and Solar Photovoltaics for the next two decades 
namely 2006 to 2026. Towards this the following step-by-step approach was adopted. 
• Selection of segments which accounts for maximum share of captive power 
generation by Diesel Generators in the remge of study 
• Selection of sample firms under those segments 
• Study in detail the energy usage pattern of these firms 
• Forecast price of diesel using statistical techniques for the period 2006-2026 
• Study the electricity production by diesel generators and design SPV systems to 
supply equivalent quantum of electricity 
• Use information on diesel price forecast and compare the Life Cycle Cost of 
electricity under the two scenarios for the select firms 
• Extrapolate and find the impact to the industrial segments 
4.2 Forecasting and Testing of Hypothesis (Using software enabled statistical tools) 
The present work utilises Modeling and Forecasting of both Diesel and Solar PV 
module prices using Statistical Software packages like SAS and MINITAB [6] [16]. So 
the dependent variables in the present thesis are Diesel price and Solar PV module price. 
These dependent variables depend on various independent variables. 
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4.2.1 Forecasting Techniques 
Introduction 
Quantitative decision maicing [10] is defined here as anything that is not based on 
underlying belief. A time series is a set of numbers that measures the status of some 
activity over time. It is the historical record of some activity, with measurements taken at 
equally spaced intervals with consistency in activity and the method of measurement. The 
basic idea behind self projecting time series forecasting models [1] [2] is to find a 
mathematical formula or a line that will approximately generate the historical patterns in 
a time series. An apparent problem is the proper selection (mathematical) of the line or 
curve. This can be solved by two basic methods. They are Regression and Smoothing. 
The present thesis focus on forecasting using Regression model. Again a distinction is 
made between linear and curvilinear regression analysis. Linear Analysis fits straight 
lines to data sets. A curvilinear or non linear analysis does the same with curves. Further 
more, there is Simple Regression analysis with only one independent variable as y=f(x), 
and Multiple Regression with more than one independent variable as y = f (xi, X2, 
X3, ....Xn). In the present application, as the data relating to diesel is non-linear and 
depending on more than one parameter. Multiple Regression is considered. 
Each of the two forecasting methods-Regression and Smoothing has their distinct 
algorithms. Mathematically speaking the forecast is nothing but an extrapolation of the 
past and present. No changes takes place with respect to the magnitude of the functional 
relationships among variables and no new variables enter the decision space. The 
direction of the forecast, that is, an increase or decrease in the magnitude of the 
forecasted behavior of the variable, must be clearly visible and mathematically 
substantiated in the past and present environments. 
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Forecasting Model 
The present work includes the forecasting of Diesel and Solar PV module price 
using Multiple Regression Model and Auto Regression Integrated Moving Average 
(ARIMA) Model. The Multiple Regression Model was implemented in MINITAB and 
the ARIMA was implemented in SAS. Hypothesis tests were performed in each of these 
cases to validate the results obtained in the respective models. 
Regression Algorithm [10] 
The general objective of regression analysis is to establish a useful relationship 
between a dependent variable y and one or more independent (i.e., predictor or 
explanatory) variables. The simple linear regression model y = a + fix + e has been 
used by many investigators in a wide variety of disciplines to relate >> to a single 
predictor variable x. In many situations, there will not be a strong relationship between y 
and any single predictor variable, but knowing the values of several independent 
variables may considerably reduce the uncertainty concerning the associated y value. So 
if we consider more independent variables like x,, X2, JCJ ,... jc„ then we have to go for 
Multiple Regression. In the present c£ise as the Diesel and Solar PV module prices are 
depending on more than one predictor variable, we are using Multiple Regression for 
establishing the relation among the variables. The algorithm or solution methodology 
used is as follows. The algorithm has six steps. These are: 
1. Prepare a plot 
2. Fit a line or curve to the plot and define mathematically using the method 
of least squares 
3. Test the significance of the slope 
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4. Construct a confidence interval for the forecasted value 
5. Estimate the quantitative effect of the independent variables on the 
behavior of dependent variable. This is known as correlation analysis 
6. Test the significance of correlation 
4.2.2 Forecasting of price ofdiesel 
Diesel Data 
The survey suggests that the dependent variable Diesel (Diesel -> Diesel price in 
Rs/ltr.; Dependent Variable) is influenced significantly by the following parameters. 
Price of the crude in Dollars/barrel 
Foreign Exchange parity in Rupees 
Customs duty^ 
Diesel power generation installed capacity in MW 
High-speed diesel consximption in transport in Thousand 
Tonnes* 
Light diesel consumption in transport in Thousand Tonnes" 
Fuel oil consumption in transport in Thousand Tonnes" 
GDP Growth of the country 
Consumer Price Index 
Wholesale Price Index 
Agricultural Growth 
Defense allocation 
Out of all the above parameters, it was felt that a few parameters need only be 
considered as the diesel price was observed to be more sensitive to their variations. The 
Crdoll 
FEpar 
Custom 
Dpower 
HSD 
LD 
Foil 
GDP 
CPI 
WPI 
AGG 
DF 
-> 
^ 
^ 
^ 
^ 
-> 
^ 
-> 
^ 
-^ 
-> 
-> 
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data for the relevant parameters was collected from various sources as cited below. The 
collected data was tabulated in steps of years i.e. from Jan 1994 to Jan 2005 as shown in 
Table 18. This data was used to forecast the diesel price for the next 21 years i.e. from 
Jan 2006 to Jan 2026. 
Table 18 
Price of diesel and its influencing factors 
Date Diesel Crdoll FEpar Custom Dpower HSD LD foil 
Janl994 6 
Janl995 6.5 
Jan 1996 6.5 
Janl997 7 
Janl998 9.5 
Janl999 9 
Jan2000 11 
Jan2001 16 
12.37 31.54 0.1 
16.13 31.37 0.1 
18.41 35.81 0.1 
23.18 35.9 0.1 
15.21 39.39 0.1 
9.76 42.55 0.1 
23.17 43.59 0.1 
22.10 46.61 0.1 
Jan2002 18.35 18.68 48.35 0.1 
Jan2003 20.54 29.03 47.96 0.1 
Jan2004 23.99 28.00 45.46 0.1 
Jan2005 28.72 35.16 43.62 0.05 
4156 
4199 
4521 
4958 
5367 
5737 
6289 
6614 
6830 
7035 
7247 
7464 
2156 
2190 
2224 
19152 
19710 
20711 
24071 
19736 
23683 
28419 
54102 
40923 
Source: Teri Energy Data Directory and Year Book 
Source: www.eia.doe.gov/intemational 
Source: www.federalreserve.gov 
^Source: Ministry of Finance, India. 
2 
2 
2 
2 
3 
3 
2 
2 
3 
8 
8 
8 
9 
8 
6 
5 
5 
6 
6 
5 
5 
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Introduction to Multiple Recession Procedure 
The Multiple Regression procedure [4] deal with more than one predictor 
variables as explained above. A general additive multiple regression model, which relates 
a dependent variable ^ to ^ predictor variables x^,X2,x^, jc^  is given by the model 
equation 
>' = a + y5,x,+y9jjC2 + A^i +^ 
The random deviation e is assumed to be normally distributed with mean value 0 
and variance a^ for any particular values of x^XjjXj, jc^  .This implies that for fixed 
xTpXjjJCj, x^values, y has a normal distribution with variance cr^The/?/s are called 
Population Regression Coefficients. Each y^  can be interpreted as the true average change 
in y when the predictor x, increases by 1 unit and the values of all the other predictors 
remain fixed. 
4.2.2.1 Analysis of Multiple Regression in MINITAB [6] [13] 
Analysis considering all independent variables 
Regression Analysis: Diesel versus crude, FEparity, custom, Dpower, HSD, LD, 
foil 
The regression equation (generated by MINITAB) is: 
Diesel = - 59.5 - 0.274 crdoll - 1.97 FEparity - 31.7 
Customs + 0.0263 Dpower - 0.000718 HSD + 1.02 LD + 
3.15 foil 
Predictor 
Constant 
crdoll 
FEparity 
Customs 
Dpower 
Coef 
-59.45 
-0.27364 
-1.9722 
-31.69 
0.026255 
SE Coef 
11.48 
0.08009 
0.2619 
27.87 
0.003074 
T 
-5. 
-3, 
-7, 
-1, 
8, 
.18 
.42 
.53 
.14 
.54 
P 
0. 
0. 
0, 
0. 
0. 
,007 
,027 
,002 
,319 
,001 
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HSD -0 .0007178 0.0001257 - 5 . 7 1 0 .005 
LD 1.0153 0.6030 1.68 0.168 
f o i l 3.1532 0.6006 5.25 0 .006 
S = 0 . 7 4 7 5 4 7 R-Sq = 99.7% R - S q ( a d j ) = 99.1% 
A n a l y s i s o f V a r i a n c e 
S o u r c e DF SS MS F P 
Regression 7 656.730 93.819 167.88 0.000 
Residual Error 4 2.235 0.559 
Total 11 658.965 
Source 
crdoll 
FEparity 
Customs 
Dpower 
HSD 
LD 
foil 
DF 
1 
1 
1 
1 
1 
1 
1 
Seq SS 
432.779 
103.885 
43.094 
41.281 
13.973 
6.315 
15.404 
Unusual Observations 
St 
Obs crdoll Diesel Fit SE Fit Residual Resid 
12 35.2 28.720 28.720 0.748 -0.000 * X 
X denotes an observation whose X value gives it large 
influence. 
Observations [6] 
1. The P value in the Analysis of variance table (0.000) shows that the model 
estimated by the regression procedure is significant at an « level of 0.05. 
This indicates that atleast one coefficient is different from zero. 
2. The p-values for the FEParity, DPower, HSD and foil are near to 0.00, 
indicating that they are significantly related to Diesel. The p-values of 
Customs and LD are 0.319 and 0.168 resp. indicating that it is not related 
to Diesel at an a level of 0.05. Additionally, the sequential sum of squares 
indicates that the predictor Customs and LD doesn't explain a substantial 
amount of unique variance. This suggests that a model with only FEParity, 
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DPower, HSD, foil and Crude may be more appropriate. 
3. The R^ value indicates that the predictors account for 99.7% of the 
variance in Diesel. The adjusted R^ is 99.1%, which accounts for the 
number of predictors in the model. Both values indicate that the model fits 
the data very well. 
Analysis considering reduced independent variables [6] [13] 
As suggested earlier the analysis was performed considering Crude, FEParity, 
Dpower, HSD and foil. The results are as follows. 
Regression Analysis: Diesel versus crude, FEparity, Dpower, HSD, foil 
The regression equation (generated by MINITAB) is 
Diesel = - 46.1 - 0.206 crdoll -1.92 FEparity + 
0.0234 Dpower - 0.000537 HSD + 2.39 foil 
Predictor 
Constant 
crdoll 
FEparity 
Dpower 
HSD 
foil 
Coef 
-46.105 
-0.20625 
-1.9194 
0.023448 
-0.00053662 
2.3878 
SE Coef 
7.901 
0.09068 
0.2379 
0.002497 
0.00009424 
0.5244 
-5. 
-2, 
-8, 
9, 
-5, 
4, 
T 
,84 
.27 
.07 
.39 
.69 
.55 
P 
0.001 
0.063 
0.000 
0.000 
0.001 
0.004 
S = 0.981283 R-Sq = 99.1% R-Sq(adj) = 98.4% 
Analysis of Variance 
Source DF SS MS F P 
Regression 5 653.19 130.64 135.67 0.000 
Residual Error 6 5.78 0.96 
Total 11 658.97 
Source 
crdoll 
FEparity 
Dpower 
HSD 
foil 
DF 
1 
1 
1 
1 
1 
Seq 
432, 
103, 
83, 
13, 
19, 
SS 
.78 
.88 
.12 
.44 
.97 
 
 
 
 
 
  
 
 
 
Research 196 
• Observations [6] 
1. The P value in the Analysis of variance table (0.000) shows that the model 
estimated by the regression procedure is significant at an a level of 0.05. 
This indicates that atleast one coefficient is different fi-om zero. 
2. The p-values for the Crude, FEParity, DPower, HSD and foil are near to 
0.00, indicating that they are significantly related to Diesel. 
3. The VH^ value indicates that the predictors explain 99.1 % of the variance in 
Diesel. The adjusted i?^  is 98.4%, which accounts for the number of 
predictors in the model. Both values indicate that the model fits the data 
very well. 
4.2.2.2 Time trend Analysis for Forecasting 
The available Multiple Regression Equation is used for generating forecasts using 
Trend Model. As the data is non linear in nature, a number of different curves may be 
fitted to a data set. Various tests were performed to analyze the relationship between 
Diesel with each and every independent variable. It was observed that the Quadratic 
Model fits most of the variables with a good confidence interval. So a Quadratic model 
was chosen for forecasting purpose. This model is available as Quadratic option in 
MINITAB statistical package [6] [14]. 
Analysis considering all independent variables 
Trend Analysis (by using quadratic option) for Diesel 
Data All variables 
Length 12 
NMissing 0 
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F i t t e d Trend E q u a t i o n : 
Yt = 6.58475 - 0 .546193*t + 0 .200030*t**2 
The forecasted diesel price generated by the system using the above equation for 
the period 2006 to 2026 are shown in Table 19. These values have also been plotted in 
the Figure 50 by the system. The price of the diesel for the year 2026 was observed as 
206.39 Rupees. 
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Table 19 
Forecasted Diesel price considering all variables 
Period Forecasted 
Jaiv-2006 33.289 
Jan-2007 38.144 
Jan-2008 43.399 
Jai>-2009 49.053 
Jan-2010 55.108 
Jan-2011 61.563 
Jan-2012 68.418 
Jan-2013 75.673 
Jan-2014 83.328 
Jan-2015 91.383 
Jan-2016 99.838 
Jan-2017 108.697 
Jan-2018 117.949 
Jan-2019 127.604 
Jan-2020 137.660 
Jaiv-2021 148.115 
Jan-2022 158.971 
Jan-2023 170.22 
Jan-2024 181.88 
Jan-2025 193.93 
Jan-2026 206.39 
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Trend Analyiis Plot for All variables 
Quadratic Trend Model " %} 
Yt = 6.58475^ 0.546193* t + 0.200030*^*2" 
Accuracy Measures 
MAPE 7.03119 
MAD 0.78907 
MSD 0.83993 
Figure 50. Plot of Forecasted Diesel price considering all variables (generated by the 
system) 
Analysis considering reduced independent variables [10] [14] 
As suggested earlier the analysis was performed considering Crude, FEParity, 
Dpower, HSD and foil. Here the Multiple Regression Equation with the above mentioned 
variables is only considered for forecasting purpose. The results are as follows. 
Trend Ana lys i s for outdo lre 
Data Reduced v a r i a b l e s 
Length 12 
NMissing 0 
F i t t e d Trend Equa t ion 
Yt = 6.26472 - 0 .570969*t + 0 .198329-*t* *2 
The forecasted diesel price generated by the system using the above equation for 
the period 2006 to 2026 are shown in Table 20. These values have also been plotted by 
the system aiis shown in Figure 51. 
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Table 20 
Forecasted diesel price considering reduced variables 
Period Forecasted 
Jan-2006 32.360 
Jan-2007 37.144 
Jan-2008 42.324 
Jan-2009 47.901 
Jan-2010 53375 
•'an-2011 60.246 
Jan-2012 67.013 
Jan-2013 74.177 
Jan-2014 gl -733 
Jan-2015 89.695 
Jan-2016 9g 049 
Jan-2017 106.799 
Jan-2018 H5 946 
Jan-2019 125.490 
Jan-2020 
Jaiv-2021 
135.431 
145.768 
Jan-2022 I56.50, 
Jan-2023 
Jan-2024 
Jan-2025 
Jan-2026 
167.63 
179.15 
191.08 
203.40 
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Trend Analii^ for Reduced variaUes 
[ffofxi Model -: .• 
ftn + 0.19832g?Jft2i 
200-
J 150-
« 
> 
•o 100-i 
"D 
S 50-
0-
^ • ' 
1 1 1 1 I . I 
0' 
0 
J* 
4> 
*-
V 
• ^ 
1 1 1 1 1 
Variable 
Actual 
Fits 
Forecasts 
Accuracy Measures 
MAPE 9.19664 
MAD 0.87355 
MSD 1.17483 
^ - < ^ ^ ^ l ^ 
my 
Figure 51. Plot of Forecasted Diesel price considering reduced variables (generated by 
the system) 
The price of the diesel for the year 2026 was observed as Rupees 203.40. The 
difference between two results was found to be negligible. 
4.2.2.3 Hypothesis Testing 
There are two types of statistical inferences: estimation of population parameters 
and hypothesis testing [8] [11]. Hypothesis testing, which has been used here, is one of 
the most important tools of application of statistics to real life problems. 
Statistical Hypotheses: They are defined as assertion about the parameter or 
parameters of a population, for example the mean or the variance of a normal population. 
They may also concern the type, nature or probability distribution of the population. 
Null Hypothesis: It is a hypothesis, which states that there is no difference 
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between the procedures, and is denoted by Ho. Since, we have information only for the 
null hypothesis, it is tested for accepting or rejecting the same. 
Alternative Hypothesis: It is a hypothesis which states that there is a difference 
between the procedures and is denoted by HA. 
Test Statistic: It is the random variable X whose value is tested to arrive at a 
decision. The Central Limit Theorem states that for large sample sizes (n > 30) drawn 
randomly from a population, the distribution of the means of those samples will 
approximate normality, even when the data in the parent population are not distributed 
normally. A z statistic is usually used for large sample sizes (n > 30), but often large 
samples are not easy to obtain, in which case the t-distribution can be used. The t curves 
are bell shaped and distributed around t=0. The exact shape on a given t-curve depends 
on the degrees of freedom. The population standard deviation is estimated by the sample 
standard deviation 's ' . 
Rejection Region: It is the part of the sample space (critical region) where the null 
hypothesis Ho is rejected. The size of this region is determined by the probability (or) of 
the sample point falling in the critical region when Ho is true, a is also known as the 
level of significance, the probability of the value of the random variable falling in the 
critical region. Also it should be noted that the term "Statistical significance" refers only 
to the rejection of a null hypothesis at some level a. It implies only that the observed 
difference between the sample statistic and the mean of the sampling distribution did not 
occur by chance alone. 
Conclusion: If the test statistic falls in the rejection/critical region, Ho is rejected, 
else Ho is accepted. 
In the Presei\t analysis, two tests were performed to validate the forecasted model. 
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They are: 
1. Goodness of fit test 
2. Paired two sample t-test 
The results of these two tests were observed and the Inference was given based on 
the results obtained by the above tests. 
4.2.2.4 Goodness of Fit test 
The goodness-of-fit statistic [9] [10], denoted by X^ (Chi-squared), is a 
quantitative measure of the extent to which the observed counts differ from those 
expected when the Null Hypothesis (/f„) is true. The value of the X^ statistic reflects the 
magnitude of the discrepancies between observed and estimated counts. When the 
difference is sizable, the values of X^ tends to be large. Therefore, large values of 
X^ suggests rejection of Null hypothesis. A small value of X^ (it can never be negative) 
occurs when the observed counts are quiet similar to those of estimated. 
A conclusion will be reached by comparing a P-value to the significance level for 
the test. The P-value is computed as the probability of observing a value of X^ at least as 
large as the observed value when H^ is true. A key result is that when the null hypothesis 
is correct and the sample size is sufficiently large, the behavior of X^ is described 
approximately by a chi-squared distribution. For a test procedure based on the 
X^ statistic, the associated P-value is the area under the appropriate chi-squared curve 
and to the right of the computed X^ value. Annexure XXXX will give the upper tail areas 
for chi-squared distribution for various degrees of fi-eedom. The degrees of freedom of 
the X^ distribution are found by 
df = {r- IX* -1) Where r = rows and k = columns 
All proportion problems may be solved by means of the Chi-Squared (X^) 
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distribution whose form is 
x^  = Z io-e) 
Where o = Observed value e = Expected value 
Goodness of Fit test Procedure 
Hypothesis: H^: n^- hypothesized proportion for category 1 
7t^ - hypothesized proportion for category k 
H : H \s not true 
Test statistic: X ' = ^ ^ ^ — ^ 
P-values: When H^ is true and all expected counts are atleast 5, X^ has 
approximately a chi-squared distribution with df = {r-\){k -1 ) . Therefore, the P-value 
associated with the computed test statistic value is the area to the right of X^ under 
df = {r- \){k -1) chi-squared curve. 
Goodness of Fit test by considering all independent variables 
The Chi-square test [10] was computed between Observed Diesel price and the 
Estimated Diesel price by the process of Trend analysis. Experimentally obtained values 
are tabulated as shown in Table 21. Mathematically Expected Values for the required 
Confidence Interval (CI) were obtained irom the Annexure XXXX. So the Hypothesis 
assumptions are as follows. 
Hypothesis: H^: Observed and Estimated prices of diesel are equal 
H„: H„ is not true 
Test statistic: X ' = 2 ; ^ ^ — ^ •I 
e 
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Table 21 
Chi-square test data considering all variables 
Obs 
6.00 
6.50 
6.50 
7.00 
9.50 
9.00 
11.00 
16.00 
18.38 
20.45 
23.99 
28.72 
Esti 
5.9589 
7.2128 
6.2854 
7.2899 
9.8045 
8.8049 
12.0368 
16.0007 
19.5068 
20.4502 
24.0027 
29.0802 
Diff 
0.04109 
-0.71276 
0.21457 
-0.28994 
-0.30448 
0.19514 
-1.03684 
-0.00065 
-1.12679 
-0.00024 
-0.01266 
-0.36025 
Diff-sq 
0.00169 
0.50803 
0.04604 
0.08407 
0.09271 
0.03808 
1.07504 
0.00000 
1.26965 
0.00000 
0.00016 
0.12978 
Out 
0.0002833 
0.0704345 
0.0073251 
0.0115320 
0.0094557 
0.0043248 
0.0893126 
0.0000000 
0.0650874 
0.0000000 
0.0000067 
0.0044627 
Obs -^ Observed Price (o) 
Esti -^ Estimated Price (e) 
Diff -^ Observed Price - Estimated Price (o-e) 
Diff-sq ^ (Diff)^ 
Out -> (Diff)^/Esti 
# = ( '--l)(^-l) = ( ]2_ i ) (2- i )= i ] 
Experimentally obtained value ^ =0.2622 ('p' value) 
Mathematically Expected Value MEV = 19.67 (95% CI) (AnnexureXXXX) and 
24.72 (99% CI) (Annexure XXXX) 
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P-value analysis [9] [10] 
Here the EOV falls into the non-shaded area, called the area of acceptance. So 
the Null Hypothesis would have to be accepted. 
Goodness of Fit test by considering reduced independent variables 
Hypothesis: H^: Observed and Estimated are equal 
H„: H^ is not true 
Test statistic: X'=Y)^—^ 
Table 22 
Chi-square test data considering reduced variables 
Obs 
6.00 
6.50 
6.50 
7.00 
9.50 
9.00 
11.00 
16.00 
18.35 
20.54 
23.99 
28.72 
Esti 
6.1804 
6.5474 
5.0695 
7.4395 
9.2615 
7.6574 
11.6207 
15.9756 
18.6641 
19.5346 
?4.0658 
:7.5385-" 
Diff 
-0.18041 
-0.04739 
1.43055 
-0.43950 
0.23853 
1.34257 
-0.62065 
0.02443 
-0.28415 
0.91538 
-O.07583 
1.1814 
Diff-sq 
0.03255 
0.00225 
2.04647 
0.19316 
0.05690 
1.80249 
0.38521 
0.00060 
0.08074 
0.83793 
0.00575 
• •1:3957 
Out 
0.005266 
0.000343 
0.403686 
0.025964 
0.006143 
0.235390 
0.033149 
0.000037 
0.004326 
0.042894 
0.000239 
0.0506 
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Obs -^ Observed Price (o) 
Esti -> Estimated Price (e) 
DifF -> Observed Price - Estimated Price (o-e) 
Diff-sq -> (Diff)^  
Out ^ (Diff)^/Esti 
# = ( r - l ) ( i t - l )= (12 - l ) (2 - l )= l l 
Experimentally obtained value EOV = = 0.808 ('p' value) 
e 
Mathematically Expected Value MEV - 19.67 (95% CI) (AnnexureXXXX) and 
24.72 (99% CI) (AnnexureXXXX) 
P-value analysis 
Here the EOV falls into the non-shaded area, called the area of acceptance. So 
the Null Hypothesis would have to be accepted. 
4.2.2.5 Paired two sample Hypothesis Test 
Tests of hypothesis [8] [9] can be carried out on one or two samples. One-sample 
test is used to test if the population parameter (//) is different from a specified value. 
Two sample test is used to detect the difference between the parameters of two 
populations (//, and //^). 
Two samples are said to be independent if the selection of the individuals or 
objects that make up one sample does not influence the selection of those in the other 
sample. When observations from the first sample are paired in some meaningful way with 
observations in the second sample, the data is said to paired. So we have both unpaired 
and paired two sample tests. While in unpaired two sample tests the sample data are not 
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related, in paired two sample tests the sample data are paired according to some 
identifiable characteristic. In the present work, since the Observed Diesel price and 
Estimated Diesel price are depending on the same independent variables, we have 
considered a Paired Two Sample Test [6] [12] also for the current application. 
Paired Hypothesis Test considering all independent Variables 
Hypothesis: H^: Observed and Estimated means are equal 
H^: H^ is not true 
Test statistic: 
The input data for this test is as shown in the Table 23. 
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Table 23 
Input data for Paired test considering all variables 
Period Observed Estimated 
Jan-1994 
Jan-1995 
Jan-1996 
Jan-1997 
Jan-1998 
Jan-1999 
Jan-2000 
Jan-2001 
Jan-2002 
Jan-2003 
Jan-2004 
Jan-2005 
6.00 
6.50 
6.50 
7.00 
9.50 
9.00 
11.00 
16.00 
18.38 
20.45 
23.99 
28.72 
5.9589 
7.2128 
6.2854 
7.2899 
9.8045 
8.8049 
12.0368 
16.0007 
19.5068 
20.4502 
24.0027 
29.0802 
P a i r e d T-Tes t and CI : D i e s e l , o u t d o l l 
P a i r e d T fo r D i e s e l - o u t d o l l 
N 
D i e s e l 12 
o u t d o l l 12 
D i f f e r e n c e 12 
Mean StDev SE Mean 
13.5867 7.7399 2 .2343 
13.8695 7.7864 2 .2477 
-0.282818 0.455812 0 .131581 
95% CI f o r mean d i f f e r e n c e : ( -0 .572427 , 0.006791) 
T-Tes t of mean d i f f e r e n c e = 0 (vs no t = 0 ) : 
T-Value = - 2 . 1 5 P-Value = 0.055 
 
 
 
 
 
  
 
 
 
Research 210 
Boxplot of Differences 
(with Ho and 95"}|.fconfidence intBrval for the mean) 
-1.2 ^•'4:#Kj^- -0.6 -03 
. Differences 
0.0 
Figure 52. Box plot of differences considering all variables (observed values) 
P-value analysis 
1. The small p-value (p = 0.055) suggests that the data are inconsistent with 
HO: //j = 0, that is, the two materials do not perform equally. 
2. As the p - value is greater than the significant value (0.05), we cannot 
reject the null hypothesis. 
Paired Hypothesis Te. t considering reduced independent Variables [6] [12] 
Hypothesis: H^: Obse rved and Estimated means are equal 
H^: Hg is not true 
Test statistic: 
The input data for this test is as shown in the Table 24. 
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Table 24 
Input data for Paired test considering reduced variables 
Period Observed Estimated 
Jan-1994 
Jan-1995 
Jan-1996 
Jan-1997 
Jan-1998 
Jan-1999 
Jan-2000 
Jai>-2001 
Jan-2002 
Jan-2003 
Jan-2004 
Jaiv-2005 
6.00 
6.50 
6.50 
7.00 
9.50 
9.00 
11.00 
16.00 
18.38 
20.45 
23.99 
28.72 
6.1804 
6.5474 
5.0695 
7.4395 
9.2615 
7.6574 
11.6207 
15.9756 
18.6641 
19.5346 
24.0658 
27.5386 
Paired T-Test and CI: D i e s e l , o u t d o l r e 
Paired T for D i e s e l - ou tdo l re 
N Mean StDev SE Mean 
D i e s e l 12 13.5867 7 .7399 2 .2343 
o u t d o l r e 12 13.2963 7 .6443 2.2067 
D i f f e r e n c e 12 0.290412 0.727866 0.210117 
95% CI for mean d i f f e r e n c e : ( -0 .172052 , 0.752877) 
T-Test of mean d i f f e r e n c e = 0 (vs not = 0 ) : T-Value = 1.38 
P-Value = 0.194 
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Boxpiot of Differences 
(with Ho and 96% t-confidence jnterv^l for the mean) 
3r ^ M f ^ 4 * A|L*£n ** * jibi#f*4MMHi 
f-'M 
X 
Ho 
1 1 
1 
1 — 
-«j.^:r 0.0 0.5 
Differences 
1.0 1.5 
Figure 53. Box plot of differences considering reduced variables (observed values) 
P-value analysis 
1. The small p-value (p = 0.194) suggests that the data are inconsistent with 
HO: J4j - 0, that is, the two materials do not perform equally. 
2. As the p - value is greater than the significant value (0.05), we cannot 
reject the null hypothesis. 
Inference 
• Since both the tests lead to the acceptance of null hypothesis the 
validity of the forecasting is established. 
• Between the 'all variables' and 'reduced variables' alternatives 
considered above, since the EOV is less in the case of 'all 
variables' the diesel price of Rs.206.39 has been chosen. 
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4.2.2.6 Modeling ARIMA usingSAS[3] [15] 
The Diesel data shown in Table 18 is considered for analysis using ARIMA 
procedure in SAS. Initially each independent variable is identified and estimated 
separately. Let us consider one variable i.e., crude from all the independent variables. The 
following results represent the identification and estimation of the independent variable 
crude. 
Identification stage (output of SAS system) 
Name of Variable = Crude 
Mean of Working Series 
Standard Deviation 
Number of Observations 
Autocorrelations 
20.93333 
7.040067 
12 
Lag 
0 
1 
2 
3 
4 
5 
6 
Covariance 
49.562539 
17.764230 
6.499184 
4.522317 
4.540891 
-1.378891 
-16.690414 
Correlation 
1.00000 
0.35842 
0.13113 
0.09124 
0.09162 
-.02782 
-.33675 
Lag 
1 
2 
3 
4 
5 
6 
Correlation 
-0.26204 
-0.02423 
-0.02412 
-0.05973 
-0.12112 
0.28641 
- 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
******* 
*** 
* * 
' marks two s tandard e r r o r s 
Inverse Au toco r r e l a t i ons 
- 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
Std Error 
0 
0.288675 
0.323642 
0.328040 
0.330148 
0.332260 
0.332454 
g 
1 
2 
3 
4 
5 
6 
Correlation 
0.35842 
0.00306 
0.04967 
0.04964 
-0.09343 
-0.35585 
P a r t i a l Au toco r r e l a t i ons 
- 1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 7 8 9 1 
Diesel Data Survey 
The ARIMA Procedure 
Autocorrelation Check for White Noise 
To 
6 . • 
Chi-
5.78 
Pr > Lag 
6 0.4487 
Square 
0^58 
DF 
0.131 
ChiSq 
0.091 
Autocorrelations 
0.092 -0.028 -0.337 
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• Observations [15] 
1. The autocorrelation plot shows how values are correlated with past values 
of the series. For example the value of 0.3584 in the 'Correlation' column 
for the Lagl row of the plot means that the correlation between Crude and 
the Crude value for the period is 0.3584. These plots are called auto 
correlation fiinctions because they show the degree of correlation with past 
values of the series as a function of the number of periods in the past at 
which the correlation is computed. 
2. The visual inspection of auto correlation plot indicates that the Crude 
series is stationary as the decay Auto Correlation Function (ACF) is 
stationary. 
3. The check for white noise test is an approximate statistical test of the 
hypothesis that none of the autocorrelations of the series up to a given lag 
are significantly different from zero. In this case the white noise 
hypothesis is not rejected strongly and the p-value for the test of the first 
six auto correlations is printed as 0.448. 
4.2.2.7 Forecasting using SAS [2] [5] 
All the independent variables were identified and estimated and are now ready for 
forecasting. The forecasting can be done either by considering all the variables or reduced 
variables. Here the forecasting was performed separately for all and reduced independent 
variables. 
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Considering all variables 
Table 25 
Forecasting results considering all variables for the period 2006 to 2026 
Period 
Jan-2006 
Jan-2007 
Jan-2008 
Jan-2009 
Jan-2010 
Jan-2011 
Jan-2012 
Jaiv-2013 
Jan-2014 
Jan-2015 
Jan-2016 
Jan-2017 
Jan-2018 
Jai>-2019 
Jan-2020 
Jan-2021 
Jaf^-2022 
Jan-2023 
Jan-2024 
Jan-2025 
Jan-2026 
SAS Date Format 
16802 
17167 
17532 
17898 
18263 
18628 
18993 
19359 
19724 
20089 
20454 
20820 
21185 
21550 
21915 
22281 
22646 
23011 
23376 
23742 
24107 
Forecasted 
32.548 
39.566 
43.770 
50.662 
54.874 
61.648 
65.900 
72.592 
76.895 
83.524 
87.876 
94.451 
98.848 
105.377 
109.814 
116.301 
120.774 
127.22 
131.72 
138.14 
142.67 
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D i e s e l Data Survey 
P l o t of FORECAST*Date. Legend: A = 1 obs , B = 2 obs , 
e t c 
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Figure 54. Forecasting plot considering all variables for the period 2006 to 2026 
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Considering reduced variables 
Table 26 
Forecasting results considering reduced variables for the period 2006 to 2026 
Period 
Jan-2006 
Jan-2007 
Jan-2008 
Jan-2009 
Jan-2010 
Jan-2011 
Jan-2012 
Jan-2013 
Jan-2014 
Jan-2015 
Jan-2016 
Jan-2017 
Jan-2018 
Jan-2019 
Jan-2020 
Jan-2021 
Jan-2022 
Jan-2023 
Jan-2024 
Jan-2025 
Jan-2026 
SAS Date Format 
16802 
17167 
17532 
17898 
18263 
18628 
18993 
19359 
19724 
20089 
20454 
20820 
21185 
21550 
21915 
22281 
22646 
23011 
23376 
23742 
24107 
Forecasted 
31.73 
34.19 
36.95 
39.48 
42.15 
44.72 
47.34 
49.93 
52.54 
55.13 
57.74 
60.34 
62.94 
65.54 
68.14 
70.74 
73.34 
75.94 
78.54 
81.14 
83.74 
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Diesel Data Survey 
P lo t of FORECAST*Date. Legend: A = 1 obs, B = 2 obs, e t c . 
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Figure 55. Forecasting plot considering reduced variables for the period 2006 to 2026 
4.2.2.8 Hypothesis test onARIMA output 
This modxile explains the Hypothesis test performed [16] between Observed data 
and the Forecasted data obtained by ARIMA process. The observed data is the Forecasted 
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data from Trend Analysis (MINITAB) carried out considering all independent variables 
and Reduced Independent variables. The results of Chi-squared test and Paired 
Hypothesis test states that we have to accept the Null Hypothesis, which means that the 
Observed data and the estimated data are equal. Based on that assumption, the estimated 
data obtained from Regression analysis is used as observed data for the present analysis. 
Paired Hypothesis Test considering all independent Variables [11] 
Hypothesis: H^: Observed and Estimated means are equal 
H^: H^ is not true 
Test statistic: 
The input data for this test is as shown in the Table 27. 
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Table 27 
Input data considering all variables 
Period Observed Estimated 
Jan-2006 
Jan-2007 
Jan-2008 
Jan-2009 
Jan-2010 
Jan-2011 
Jan-2012 
Jan-2013 
Jan-2014 
Jan-2015 
Jan-2016 
Jan-2017 
Jan-2018 
Jan-2019 
Jan-2020 
Jan-2021 
Jan-2022 
Jan-2023 
Jan-2024 
Jan-2025 
Jan-2026 
33.289 
38.144 
43.399 
49.053 
55.108 
61.563 
68.418 
75.673 
83.328 
91.383 
99.838 
108.697 
117.949 
127.604 
137.660 
148.115 
158.971 
170.22 
181.88 
193.93 
206.39 
32.548 
39.566 
43.770 
50.662 
54.874 
61.648 
65.900 
72.592 
76.895 
83.524 
87.876 
94.451 
98.848 
105.377 
109.814 
116.301 
120.774 
127.22 
131.72 
138.14 
142.67 
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Paired T-Test and CI: obsmful, s a s f u 
P a i r e d T f o r obsmful - s a s f u 
N Mean StDev SE Mean 
obsmful 21 107.172 54 .119 11.810 
sa s fu 21 88 .341 34 .055 7 .431 
D i f f e r e n c e 21 18.8306 20 .8173 4.5427 
95% CI fo r mean d i f f e r e n c e : ( 9 . 3 5 4 7 , 28.3065) 
T-Tes t of mean d i f f e r e n c e = 0 (vs n o t = 0 ) : 
T-Value = 4 . 1 5 P-Value = 0.000 
Ho 
(withHiai 
toiof Diff|ii;e|ices 
&»ifldence irrtef^l for the mean) 
-uk, ' 10 — I — 50 
rences 
Figure 56. Box plot of differences considering all variables (forecasted values) 
P—value analysis 
1. The confidence interval for the mean difference between the two materials 
does not include zero, which suggests a difference between them. The 
small p-value (p = 0.000) further suggests that the data are inconsistent 
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with HO: //^ = 0, that is, the two materials do not perform equally. 
2. As the p - value is less than the significant value (0.05), we have to reject 
the null hypothesis. 
Paired Hypothesis Test considering reduced independent Variables [11] 
Hypothesis: H^: Observed and Estimated means are equal 
H : H„ is not true 
a o 
Test statistic: 
The input data for this test is as shown in the Table 28. 
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Table 28 
Input data considering reduced variables 
Period Observed Estimated 
Jan-2006 
Jan-2007 
Jan-2008 
Jan-2009 
Jan-2010 
Jan-2011 
Jan-2012 
Jan-2013 
Jan-2014 
Jan-2015 
Jan-2016 
Jan-2017 
Jan-2018 
Jan-2019 
Jan-2020 
Jan-2021 
Jan-2022 
Jan-2023 
Jan-2024 
Jan-2025 
Jan-2026 
32.360 
37.144 
42.324 
47.901 
53.875 
60.246 
67.013 
74.177 
81.738 
89.695 
98.049 
106.799 
115.946 
125.490 
135.431 
145.768 
156.501 
167.63 
179.15 
191.08 
203.403 
31.73 
34.19 
36.95 
39.48 
42.15 
44.72 
47.34 
49.93 
52.54 
55.13 
57.74 
60.34 
62.94 
65.54 
68.14 
70.74 
73.34 
75.94 
78.54 
81.14 
83.74 
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Paired T-Test and CI: obsmred, sasrnew 
Paired T for obsmred - sasrnew 
N Mean StDev SE Mean 
obsmred 21 105.320 53.478 11.670 
sasrnew 21 56.300 19.130 4.174 
Difference 21 49.0200 36.3767 7.9381 
95% CI for mean difference: (32.4615, 65.5785) 
T-Test of mean difference = 0 (vs not = 0): 
T-Value =6.18 P-Value = 0.002 
Bqxplot of DifY^KinGes 
(with Ho and 95% t-confiderxB irrervat far the mean) 
Ho 
60 
DVferendes 
~8a Too^ 0 ,. . . 20 40 120 
Figure 57. Box plot of differences considering reduced variables (forecasted values) 
P-value analysis 
1. The confidence interval for the mean difference between the two materials 
does not include zero, which suggests a difference between them. The 
small p-value (p = 0.002) further suggests that the data are inconsistent 
with HO: .//^ = 0, that is, the two materials do not perform equally. 
 
 
 
 
 
  
 
 
 
Research 225 
2. As the p - value is greater than the significant value (0.05), we have to 
reject the null Hypothesis. 
Inference 
As the Null hypothesis, under the two options were rejected by the ARIMA 
procedure, the forecast values by ARIMA has to be accepted. As the p and t values of the 
all variables are good, the diesel price for the year 2026 thus, accepted is Rs. 142.67. 
4.2.2.9 Final Results 
By considering the various test results, it was observed that Forecasting using 
ARIMA procedure [15] [16] satisfies all the requirements of Hypothesis tests. The 
variables which cannot be modeled by only Trend Analysis procedure are Customs and 
LD prices, which were smoothened perfectly in ARIMA process. The forecasted results 
of this ARIMA process, as shown in Table 29 were considered for the computation of 
LCC of diesel power generation. 
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Table 29 
Final forecasted data 
Period SAS Date Format Forecasted 
Jan-2006 
Jan-2007 
Jan-2008 
Jan-2009 
Jan-2010 
Jan-2011 
Jan-2012 
Jan-2013 
Jaiv-2014 
Jan-2015 
Jan-2016 
Jan-2017 
Jan-2018 
Jan-2019 
Jan-2020 
Jan-2021 
Jan-2022 
Jan-2023 
Jan-2024 
Jan-2025 
Jan-2026 
16802 
17167 
17532 
17898 
18263 
18628 
18993 
19359 
19724 
20089 
20454 
20820 
21185 
21550 
21915 
22281 
22646 
23011 
23376 
23742 
24107 
32.548 
39.566 
43.770 
50.662 
54.874 
61.648 
65.900 
72.592 
76.895 
83.524 
87.876 
94.451 
98.848 
105.377 
109.814 
116.301 
120.774 
127.22 
131.72 
138.14 
142.67 
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4.2.3 Methodology for forecasting price of Solar PV modules 
Note: It may be noted that as the LCC analysis takes into consideration only the 
current price of Solar PV module, the forecasted values have no relevance to the costing 
of the two scenarios presented under Chapter -3.3.4 However, this forecasting has been 
done to bring out the trend of price of Solar PV system (which mainly depends on Solar 
PV modules). 
Solar Data 
The survey suggests that the dependent variable Solar module (Module -> 
Module price in Rs.; Dependent Variable) is influenced significantly by the following 
parameters. 
FEpar -> Foreign Exchange parity 
Custom -> Customs duty* 
Moduleinc -^ International Module Price in dollars 
Out of all the above parameters, it was felt that all the parameters need to be 
considered, as the module price was observed to be more sensitive to their variations. The 
present data was collected from various sources as cited. The collected data was tabulated 
in steps of years i.e. from Jan 1994 to Jan 2003 as shown in Table 30. This data was used 
to forecast the module price for the next 23 years i.e. from Jan 2004 to Jan 2026. 
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Table 30 
Price of solar module and its influencing factors 
31.54 
31.37 
35.81 
35.9 
39.39 
42.55 
43.59 
46.61 
48.35 
47.96 
0.3 
0.3 
0.3 
0.3 
0.25 
0.25 
0.25 
0.15 
0.15 
0.05 
4.46 
4.56 
4.09 
4.16 
3.94 
3.62 
3.46 
3.42 
3.74 
3.17 
Date Module FEpar Custom Modulelnc 
Jan 1994 240 
Jan 1995 220 
Jan 1996 220 
Jan 1997 220 
Jan 1998 220 
Jan 1999 190 
Jan 2000 180 
Jan 2001 180 
Jan 2002 180 
Jan 2003 180 
*Source: www.federalreserve.gov 
#Source: vvww.solarbuzz.com 
The analysis has been carried out within the frame work of the following 
assumptions. 
1. It is almost certain that with the consensus emerging at WTO, the 
customs duty for the cells and modules will become zero by 2008. 
Therefore, the correlation between the Solar PV module (Indigenous 
part which will be about 80% of the cost of the module) and 
International price will follow Simple Regression. 
2. Due to the above reason the Foreign Exchange Parity will not have any 
influence on the Indigenous part of the module price. 
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3. For a conservative estimate, it is assumed that 20% of the cost of the 
Indigenous module will be governed by 'Balance of materials" which 
will be import dependent. Therefore, the analysis takes into 
consideration the FEparity (duty not considered due to the reasons 
mentioned above) also in addition to the International price trend of 
modules. Here Multiple Regression has been used. 
4. The trend in price forecasting of the Indigenous module carried out 
below, therefore, takes into account both the factors as indicated above. 
The data for the respective cases has been tabulated separately below: 
Table 31 
Input table for the analysis of Indigenous content 
Date Module ModuleInc 
Jan 1994 192 446 
Jan 1995 176 4.56 
Jan 1996 176 4.09 
Jan 1997 176 4.16 
Jan 1998 176 3.94 
Jan 1999 152 3.62 
Jan 2000 144 3.46 
Jan 2001 144 3.42 
Jan 2002 144 3.74 
Jan 2003 144 3.17 
 
 
 
 
 
  
 
 
 
Research 230 
Table 32 
Input table for the analysis of Import dependent content 
Date Module FEpar Moduleinc 
Jan 1994 48 
Jan 1995 
Jan 1996 
Jan 1997 
Jan 1998 
Jan 1999 
Jan 2000 
Jan 2001 
Jan 2002 
Jan 2003 
44 
44 
44 
44 
38 
36 
36 
36 
36 
31.54 
31.37 
35.81 
35.9 
39.39 
42.55 
43.59 
46.61 
48.35 
47.96 
4.46 
4.56 
4.09 
4.16 
3.94 
3.62 
3.46 
3.42 
3.74 
3.17 
4.2.3.1 Analysis of Multiple Regression in MINITAB [6] [13] 
Analysis of the Indigenous content of the Indigenous module 
The Multiple Regression Analysis was performed on the Indigenous content of 
solar data (Table 31). 
Regression Analysis: module versus Moduleinc 
The regression equation (generated by MINITAB) is 
module = 23.4 + 36.0 Moduleinc 
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Predictor Coef SE Coef T P 
Constant 23.37 24.71 0.95 0.372 
Moduleinc 35.999 6.359 5.66 0.000 
S = 8.76741 R-Sq = 80.0% R-Sq(adj) = 77.5% 
Analysis of Variance 
Source DF SS MS F P 
Regression 1 2463.5 2463.5 32.05 0.000 
Residual Error 8 614.9 76.9 
Total 9 3078.4 
• Observations [6] 
1. The P value in the Analysis of variance table (0.000) shows that the model 
estimated by the regression procedure is significant at an a level of 0.05. 
2. The R^ value indicates that the predictors explain 80.0% of the variance in 
Module. The adjusted R^ is 77.5%, which accounts for the number of 
predictors in the model. Both values indicate that the model fits the data 
well. 
Analysis of the Import dependent content of the Indigenous module[6] [13] 
The Multiple Regression Analysis was performed on the Import dependent 
content of solar data (Table 32). The results are as follows. 
Regression Analysis: module versus FEP, Moduleinc 
The regression equation is (generated by MINITAB) 
module = 53.9 - 0.529 FEP +2.08 Moduleinc 
Predictor Coef SE Coef T P 
Constant 53.89 23.76 2.27 0.058 
FEP -0.5290 0.2553 -2.07 0.077 
Moduleinc 2.079 3.598 0.58 0.582 
S = 1.84470 R-Sq = 87.6% R-Sq(adj) = 84.1% 
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Analysis of Variance 
Source DF SS MS F P 
Regression 2 168.580 84.290 24.77 0.001 
Residual Error 7 23.820 3.403 
Total 9 192.400 
Source DF Seq SS 
FEP 1 167.444 
Moduleinc 1 1.136 
Unusual Observations 
Obs FEP module Fit SE Fit Residual St Resid 
9 48.4 36.000 36.087 1.756 -0.087 -0.15 X 
X denotes an observation whose X value gives it 
large influence. 
• Observations [6] 
1. The P value in the Analysis of variance table (0.001) shows that the model 
estimated by the regression procedure is significant at an a level of 0.05. 
This indicates that atleast one coefficient is different from zero. 
2. The /?^  value indicates that the predictors explain 87.6% of the variance in 
module. The adjusted tH^ is 84.1%, which accounts for the number of 
predictors in the model. Both values indicate that the model fits the data 
well. 
4.2.3.2 Time trend Analysis for Forecasting 
The available Multiple Regression Equation [10] [14] is used for generating 
forecasts using Trend Model. As the data is non linear in nature, a number of different 
curves may be fitted to a data set. Various tests were performed to analyze the 
relationship between module price with each and every independent variable in both 
Indigenous and Import dependent cases respectively. 
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Analysis of the Indigenous content of the Indigenous module 
It was observed that the parabolic model fits the variables with a good confidence 
interval. So a parabolic model was chosen for forecasting purpose. This model is 
available as Exponential growth option in MINITAB statistical package [6]. 
Trend Analysis (by using Exponential growth option) for module 
Trend Analysis for module 
Data Indigenous 
Length 10 
NMissing 0 
Fitted Trend Equation 
Yt = 191.783 * (0.969426**t) 
The forecasted module prices generated by the system using the above equation 
for the period 2004 to 2026 are shown in Table 33. These values have also been plotted in 
the Figure 58 by the system. The price of the module for the year 2026 was observed as 
Rupees 68.83. 
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Table 33 
Forecasted module price considering Indigenous content 
Period Forecasted 
Jan-2004 136.29 
Jan-2005 132.12 
Jan-2006 ^28.03 
Jan-2007 124.17 
Jan-2008 ^ 20.37 
Jan-2009 ^ '^.69 
Jan-2010 ^13.12 
Jan-2011 109.66 
Jan-2012 106.31 
Jaiv-2013 103.06 
Jan-2014 99.91 
Jan-2015 96.85 
Jan-2016 93.89 
Jan-2017 91.02 
Jan-2018 88.24 
Jan-2019 85.54 
Jan-2020 82.93 
Jan-2021 80.39 
Jan-2022 77.93 
Jan-2023 75.55 
Jan-2024 73.24 
Jan-2025 71.00 
Jan-2026 68.83 
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Analysis Plot for Indigenousf 
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Figure 58. Plot of Forecasted module price considering Indigenous content (generated by 
the system) 
Analysis of the Import dependent content of the Indigenous module [10] [14] 
It was observed that the quadratic model fits the variables with a good confidence 
interval. So a quadratic model was chosen for forecasting purpose. This model is 
available as Quadratic option in MINITAB statistical package. 
Trend Analysis for module 
Data Import dependent 
Length 10 
NMissing 0 
Fitted Trend Equation 
Yt = 49.2179 - *1.84057*t + 0.0394937*t**2 
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The forecasted module price generated by the system using the above equation for 
the period 2004 to 2026 are shown in Table 34. These values have also been plotted in 
the Figure 59 by the system. The price of the module for the year 2026 was observed as 
Rupees 31.48. 
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Table 34 
Forecasted module price considering Import dependent content 
Period Forecasted 
Jan-2004 
Jan-2005 
Jan-2006 
Jan-2007 
Jan-2008 
Jan-2009 
Jan-2010 
Jan-2011 
Jan-2012 
Jan-2013 
Jan-2014 
Jan-2015 
Jan-2016 
Jan-2017 
Jan-2018 
Jan-2019 
Jan-2020 
Jan-2021 
Jan-2022 
Jan-2023 
Jan-2024 
Jan-2025 
Jan-2026 
33.75 
32.81 
31.96 
31.19 
30.49 
29.87 
29.34 
28.88 
28.50 
28.20 
27.98 
27.84 
27.77 
27.79 
27.88 
28.06 
28.31 
28.64 
29.05 
29.54 
30.11 
30.76 
31.48 
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Figure 59. Plot of Forecasted Import dependent content of the module (generated by the 
system) 
In the Present analysis, two tests were performed to validate the forecasted model, 
these are 
1. Goodness of fit test 
2. Paired two sample t-test 
The results of these two tests were observed and the Inference was given based on 
the results obtained by the above tests. 
4.2.3.3 Goodness of Fit test [9] [10] 
Goodness of Fit test for the Indigenous content 
The Chi-square test was computed between Observed module price and the 
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Estimated module price by the process of Trend analysis. Experimentally obtained values 
are tabulated as shown in Table 35. Mathematically Expected Values for the required 
Confidence Interval (CI) were obtained from the Annexure XXXX. So the Hypothesis 
assumptions are as follows. 
Hypothesis: H^: Observed and Estimated price of the Indigenous part of module 
are equal 
/f,: H„ is not true 
-.2 
a — o 
^ . . , ,2 v-i (o - e) Test statistic: X^ = 2_,-
Table 35 
Chi—square test data considering Indigenous content 
Obs Esti Diff Diff-sq Out 
192 
176 
176 
176 
176 
152 
144 
144 
144 
144 
183.96 
187.56 
170.64 
173.16 
165.24 
153.72 
147.96 
146.52 
158.04 
137.52 
8.04 
-11.56 
5.36 
2.84 
10.76 
-1.72 
-3.96 
-2.52 
-14.04 
6.48 
64.642 
133.634 
28.730 
8.066 
115.778 
2.958 
15.682 
6.350 
197.122 
41.990 
0.35139 
0.71248 
0.16836 
0.04658 
0.70066 
0.01925 
0.10599 
0.04334 
1.24729 
0.30534 
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Obs -> Observed Price (o) 
Esti -> Estimated Price (e) 
Diff -> Observed Price - Estimated Price (o-e) 
Diff-sq -^ (Difff 
Out -^ (Diff)^/Esti 
# = ( r - l ) (^ - l )^ (10_ , ) (2- l ) = 9 
Experimentally obtained value ^ =3.70 ('p' value) 
Mathematically Expected Value MEV = 16.979 (95% CI) (Anmxure XXXX) and 
21.666 (99% CI) (Anmxure XXXX) 
P-value analysis 
Here the EOV falls into the non-shaded area, called the area of acceptance. So 
the Null Hypothesis would have to be accepted [7]. 
Goodness of Fit test of the Import dependent content 
The Hypothesis assumptions are as follows 
Hypothesis: H^: Observed and Estimated prices are equal 
H„: H„ is not true 
a o 
_yrio-ey Test statistic; X ^ = 2 ] -
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Table 36 
Chi-square test data considering import dependant content 
Obs Esti Diff DifF-sq Out 
48 
44 
44 
44 
44 
38 
36 
36 
36 
36 
46.5398 
46.7901 
43.4637 
43.5617 
41.2579 
38.9207 
38.0377 
36.3569 
36.1021 
35.1228 
1.46025 
-2.79007 
0.53629 
0.43830 
2.74211 
-0.92065 
-2.03769 
-0.35691 
-0.10205 
0.87724 
2.13233 
7.78449 
0.28761 
0.19211 
7.51917 
0.84760 
4.15218 
0.12738 
0.01041 
0.76955 
0.045817 
0.166371 
0.006617 
0.004410 
0.182248 
0.021778 
0.109160 
0.003504 
0.000288 
0.021910 
Obs -^ Observed Price (o) 
Esti -> Estimated Price (e) 
DifF -> Observed Price - Estimated Price (o-e) 
Diff-sq ^ (Difi)^ 
Out -^ (Diff)^/Esti 
# = ( r - l ) ( ^ - l ) ^ ( , ( ^ j ) ^2 - l ) = 9 
Experimentally obtained value ^ = 0.562('p'value) 
Mathematically Expected Value MEV = 16.9/9 (95% CI) (Annexure XXXX) and 
21.666 (99% CI) (Annexure XXXX) 
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P-value analysis 
Here the EOV falls into the non-shaded area, called the area of acceptance. So 
the Null Hypothesis would have to be accepted [7]. 
4.2.3.4 Paired Two Sample Hypothesis Test [8] [9] 
In the present work, since the Observed module price and Estimated module price 
are depending on the same independent variables, we have considered a Paired Two 
Sample Test also for the current application. 
Paired Hypothesis Test for the Indigenous content 
Hypothesis: H^: Observed and Estimated means are equal 
H^ : //„ is not true 
Test statistic: 
The input data for this test is as shown in the Table 37. 
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Table 37 
Input Data for Paired test of Indigenous content 
Period Observed Estimated 
Jan-1994 
Jan-1995 
Jan-1996 
Jan-1997 
Jan-1998 
Jan-1999 
Jan-2000 
Jan-2001 
Jan-2002 
Jan-2003 
192 
176 
176 
176 
176 
152 
144 
144 
144 
144 
Paired T-Test and CI: module, out 
Paired T for module - out 
183.96 
187.56 
170.64 
173.16 
165.24 
153.72 
147.96 
146.52 
158.04 
137.52 
module 
out 
Difference 
N 
10 
10 
10 
Mean 
162.400 
162.432 
-0.032000 
StDev 
18.494 
16.545 
8.265996 
SE Mean 
5.848 
5.232 
2.613937 
95% CI for mean d i f fe rence : (-5.945137, 5.881137) 
T-Test of mean d i f fe rence = 0 (vs not = 0 ) : T-Value 
P-Value 
-0 .01 
0.990 
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Box| 
(with Ho and 95<}^ " 
Differences -
^e interval for the rriean) 
Figure 60. Box plot of differences of Indigenous content 
P-value analysis [6] 
1. The small p-value (p = 0.990) suggests that the data are inconsistent with 
HO: //^ = 0, that is, the two materials do not perform equally. 
2. As the p - value is greater than the significant value (0.05), we cannot 
reject the null hypothesis. 
Paired Hypothesis Test of Import dependent content 
Hypothesis: H^: Observed and Estimated means are equal 
H^: H^ is not true 
Test statistic: 
The input data for this test is as shown in the Table 38. 
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Table 38 
Input Data for Paired test of Import dependent content 
Period Observed Estimated 
Jan-1994 
Jan-1995 
Jan-1996 
Jan-1997 
Jan-1998 
Jan-1999 
Jan-2000 
Jan-2001 
Jan-2002 
Jan-2003 
48 
44 
44 
44 
44 
38 
36 
36 
36 
36 
46.5398 
46.7901 
43.4637 
43.5617 
41.2579 
38.9207 
38.0377 
36.3569 
36.1021 
35.1228 
Paired T-Test and CI: module, out 
Paired T for module - out 
module 
out 
Difference 
N 
10 
10 
10 
Mean 
40.6000 
40,6153 
-0.015318 
StDev 
4.6236 
4.3285 
1.626874 
SE Mean 
1.4621 
1.3688 
0.514463 
95% CI for mean d i f f e rence : (-1.179114, 1.148478) 
T-Test of mean d i f fe rence = 0 (vs not = 0 ) : T-Value = -0 .03 
P-Value = 0.577 
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Figure 61. Box plot of differences of Import dependent content 
P-value analysis 
1. The small p-value (p = 0.977) suggests that the data are inconsistent with 
HO: ^j = 0, that is, the two materials do not perform equally. 
2. As the p - value is greater than the significant value (0.05), we cannot 
reject the null hypothesis. 
Inference 
• Since both the tests lead to the acceptance of null hypothesis, the 
validity of the forecasting is established. 
Consequently, the expected total module price is tabulated below as a sum of the 
forecasted Indigenous content and the forecasted Import dependent content for the 
respective years. 
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Table 39 
Forecasted module price of Indigenous and Import dependent content 
Period 
Jan-2004 
Jan-2005 
Jan-2006 
Jan-2007 
Jan-2008 
Jan-2009 
Jan-2010 
Jan-2011 
Jan-2012 
Jan-2013 
Jan-2014 
Jan-2015 
Jan-2016 
Jan-2017 
Jan-2018 
Jan-2019 
Jan-2020 
Jan-2021 
Jan-2022 
Jan-2023 
Jan-2024 
Jan-2025 
Jan-2026 
Import dependent content 
33.75 
32.81 
31.96 
31.19 
30.49 
29.87 
29.34 
28.88 
28.50 
28.20 
27.98 
27.84 
27.77 
27.79 
27.88 
28.06 
28.31 
28.64 
29.05 
29.54 
30.11 
30.76 
31.48 
Indigenous content 
136.29 
132.12 
128.08 
124.17 
120.37 
116.69 
113.12 
109.66 
106.31 
103.06 
99.91 
96.85 
93.89 
91.02 
88.24 
85.54 
82.93 
80.39 
77.93 
75.55 
73.24 
71.00 
68.83 
Total 
170.04 
164.93 
160.04 
155.36 
150.86 
146.56 
142.46 
138.54 
134.81 
131.26 
127.89 
124.69 
121.66 
118.81 
116.12 
113.60 
111.24 
109.03 
106.98 
105.09 
103.35 
101.76 
100.31 
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Inference 
• The module price for the period 2004 to 2026 was calculated based 
on the respective Indigenous content and Import dependent content. 
It was observed that the module price for the year 2026 is Rupees 
100.31, which includes 20% Import dependent content as Rupees 
31.48 and 80% Indigenous content as Rupees 68.83. 
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Table 40 
Forecasted price of module for the period 2004 to 2026 
Period ^^o'*"'^ P"'^^ 
Jan-2004 
Jan-2005 
Jan-2006 
Jan-2007 
Jan-2008 
Jan-2009 
Jan-2010 
Jai>-2011 
Jan-2012 
Jan-2013 
Jan-2014 
Jan-2015 
Jan-2016 
Jan-2017 
Jan-2018 
Jaiv-2019 
Jan-2020 
Jan-2021 
Jan-2022 
Jan-2023 
Jan-2024 
Jan-2025 
Jan-2026 
170.04 
164.93 
160.04 
155.36 
150.86 
146.56 
142.46 
138.54 
134.81 
131.26 
127.89 
124.69 
121.66 
118.81 
116.12 
113.60 
111.24 
109.03 
106.98 
105.09 
103.35 
101.76 
100.31 
 
 
 
 
 
  
 
 
 
Research 250 
4.3 Research Design 
The study involved collection of data from sample firms of the select segments of 
the industry. The situation demanded collection of data from the firms based on 
questionnaire and personal interviews vsdth competent personnel of the firms spread 
across the country. 
4.3.1 Specification of data to be collected 
The data collection was pertaining to three functional areas namely 
a. Electricity consumption from grid 
b. Diesel power generation with its capacity 
c. Briefbusiness performance data 
In addition, information on certain forecasts was also to be collected to take 
advantage of the experience of the experts working with the firms to enable validity of 
certain studies using statistical tools (for example, diesel price forecast). Please refer the 
format of the 'schedule' used for collection of data given as Annexure XXXVII. 
For the study of 'energy usage pattern' it was decided to go in for primary data 
collection as research was of the descriptive type and data unique in nature. 
Structured interviews, based on the schedules circulated earlier, were conducted 
with authorized personnel of the firm by the author through personal visits to the 
respective firms in Kolkata, Bangalore, Coimbatore, Chennai and Pondicherry. Although 
schedules were circulated in advance the response could be secured only during the 
interviews which was recorded then and there. List of personnel interviewed along with 
their firm's name is given as Annexure XXXVIII. Explanation of the schedule or 
datasheet (check list). 
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1. First the data sheet describes the 'segment' and firm's name along with location. 
2. It, then describes the modality of use (stand-by, on-line etc.) and furnishes the 
capacity of the diesel generator deployed with name of the manufacturer of the 
engine and generator wherever available. 
3. The first section of functional area deals with Grid electricity. Endeavour was to 
plot the trends of the past five years (2001- 02 to 2005-06) 
The data was required to assess the importance of electricity to the manufacture of 
the firm. 
• Consumption in Units fi-om Grid 
Total consumption of electricity fi-om the grid was recorded here 
• Grid electricity tariff (Rs. per unit) 
Tariff has various parts in respective states. Therefore average cost of 
electricity computed by the firm (fi-om their financial statements) was 
recorded. 
• Electricity bill for grid supply 
This was also collected fi-om the financial statements. This data was necessary 
to understand the impact of electricity cost on sales of the firm. 
4. Diesel power generation 
Data collection in this area was to enable compute energy requirement fi"om the 
stand-by source, to understand the trends in diesel price variation, usage of diesel, annual 
hours of usage of the captive power plant, the specific electricity generation ratio, cost of 
electricity generation, initial investment and annual maintenance cost of the power plant. 
The data was collected only with respect to the DG under study, although the 
captive power plant has many generators. 
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Data recorded under this section was very vital for computation of Life Cycle 
Cost of electricity with diesel generators. 
Most of the firms has this data but recorded in so many different places and the 
structured interview was useful to collate the data and bring it to the usefiil format. 
5. Business performance data 
The data pertaining to this area consisted of annual sales turnover, net profit, 
annual production, cost of electricity per unit of product etc. 
There was great reluctance in sharing some of the cost data and certain firms 
declined such information. 
This was required to understand the growth rate of the industry and the impact of 
electrical energy to the product in terms of quantity and price. 
6. Projections 
Since the structured interviews were to be held with senior executives of the 
respective firms, the opportunity was taken advantage of, for understanding their learnt 
opinion on: 
• Projected annual sales up to year 2010-11 
• Expected grid electricity tariff- trends 
• Forecast of diesel price (R5./ltr) 
The data would enable to cross check the validity of study (especially on the 
forecast of diesel price with statistical techniques) with opinions of experts in the field. 
4.3.2 Construction of the questionnaire (schedule) 
The methodology adopted for finalizing the schedule was as follows: 
• A draft schedule was prepared and sent to selected firms for their reaction. 
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This was prepared based on the experience of the author (more than 3 decades 
in the industry). 
Certain pilot study was carried out in Chennai with the draft schedules. 
The discussion provided valuable clues on modifications required in the 
schedule. 
The modification emerged as explained in para above were incorporated and 
the 'schedule' was finalised. This is what is given in Annexure XXXVIl. 
4.4 Source of data, sample, sample size, sample technique 
4.4.1 Universe of data 
As mentioned under para 2.3, "1999 Captive Report" published by Power Line 
Research for various mix (size and fiiel type) of captive power generation in the segments 
under study has been taken as reference of the Universe. The survey lists about 500 firms 
under the 1 MW - 5 MW, Diesel Generator captive power plant category. The breakup of 
different sectors are as follows: 
1. 
2. 
3. 
4. 
5. 
Minerals and Metals 
Textiles 
Chemicals 
Cement 
Engineering 
Total 
— 
-
-
-
-
21 
271 
52 
29 
126 
499 
Since the firms were spread on different geographical regions, 50 firms were 
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selected and the finalized schedule was sent to them. However, due to the sensitivity of 
the information requirement only 18 firms expressed their willingness to entertain any 
discussion. These firms were visited on pre-programmed dates by the author. However, 
at the end of the data collection trips useful information was received only fi-om 9 firms 
as listed below: 
1. 
2. 
3. 
4. 
5. 
Minerals and Metals 
l.I Anugraha Valves -
1.2 Amtek Casting -
Textiles 
2.1 JayshreeTexfiles -
2.2 Eastern Spinwell -
Chemicals 
3.1 Hindustan Glass -
3.2 Bio-Con 
Cement 
4.1 Ambuja Cement -
Engineering 
5.1 Bi-Metal 
5.2 Salzer Electronics -
Coimbatore 
Coimbatore 
Kolkata 
Coimbatore 
Kolkata 
Bangalore 
Kolkata 
Bangalore 
Coimbatore 
The firms visited but which did not yield usefiil information are: 
1. Shriram Fibers Ltd., Manali, Chennai - Textiles 
2. Manali Petro Ltd., Chennai - Chemicals 
3. St. Gobain Crystal, Bangalore - Chemicals 
4. K.C.P. Ltd., Chennai - Engineering 
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5. NEG-Micon, Chennai - Engineering 
6. Kandhimathi Appliance, Chennai - Engineering 
7. S&S Power Switch Gear Ltd., Pondicherry -- Engineering 
8. Jindal Ships, Kolkata - Minerals and Metals 
9. Cosmos Conductor, Tumkur * - Mineral and Metals 
It may be noted that visits to some of the firms at Chennai mentioned in the latter 
category was used to 'test and modify' the 'schedule' which was subsequently circulated. 
The names of the firms visited came about through personal enquiries and permission for 
the visits secured through personal contacts. 
Cost of electricity being one of the sensitive inputs (in the highly competitive 
market), obviously, there were concerns for sharing such information. The willingness on 
the part of the nine firms studied came about only after high pressure persuasion. 
4.4.2 Sampling procedure 
It needs to be stressed that the 'procedure' was governed by willingness of the 
firms to share information. 
4.4.2.1 Sample size 
It turns out therefore that the sampling size became as follows: 
1. Minerals and Metals - 2 out of 21 - 10% 
2. Textiles - 2 out of 271 - 0.7% 
3. Chemicals - 2 out of 52 - 3.8% 
4. Cement - lout of 29 - 3.4% 
5. Engineering - 2 out of 126 - 1.58% 
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4.5 Data collection 
Specification of the type of data has already been explained under para 4.3.1. It 
was found necessary that the data has to be collected at the firm's level from the 
Engineering and Finance departments. 
The information has to be dug out and therefore structured meeting, interviews 
were used to collect data. This, however, was carried out after sufficient time elapsed 
after the 'schedule' was received by the respective firms and the firms were visited by the 
author after confirming and re-confirming appointments with the right type of personnel. 
(Belonging to Senior Management category as desired by the CEOs) 
The schedule of meeting was fixed through telephonic appointments. The 
schedule of visits carried out by the author is given in Annexure XXX VIII. 
Recording of data / information was done on a copy of the schedule (named as data sheet) 
which served as a checklist and data recording medium. These sheets have been attached 
as Annexure VII to XV Data, thus has been presented in the thesis through these Data 
sheets (or schedules). 
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CHAPTER - 5 ANALYSIS AND FINDING 
5.1 Analysis of different scenarios 
5.1.1 Minerals and Metals 
It could be seen from Table 4 that Minerals and Metals has a share of 9.6% in the 
diesel based captive power generation of the industrial segment. Major sub segments 
covered under this are fiimished below with respective diesel based captive power 
generation in year 2003: 
• Aluminum - 21 (MW) 
• Iron & Steel - 443 (MW) 
• Mining and Quarrying- 39 (MW) 
• Non-ferrous - 149 (MW) 
Casting being one of the major business sectors, I had picked up two firms under 
this category located at Coimbatore District, Tamil Nadu State. It was also observed that 
the price of diesel, including transportation and storage, works out to almost Rs.48 to 50 
per litre in this region. 
5.1.1.1 Anugraha Valves - Coimbatore 
The firm has installed 5 generators to support the operation on stand by mode. 
Study was carried out on the operations of one of the 500 KVA diesel generator. 
The following points may be observed from Annexure VII regarding this finn. 
• Almost 2% of the total electricity by this unit has been supplied by the 500 KVA 
generator. 
• The grid electricity tariff has been around Rs.5.5 per unit; the computed cost of 
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electricity from diesel generation was woricing out to Rs.7.32 per unit. 
• The grid electricity bill was almost 3.3% of the annual sales turn over in the year 
f231 ^ 
xlOO 
2005-2006 ^7°°° K 
• The diesel system was found to be consuming about 85 litres of diesel per hour. 
• The annual maintenance cost of the generator was almost about 12.3% of the 
diesel system cost. 
• The net profit of the company was found to be 4.3% of sales. Any improvement, 
therefore, in the total electricity bill would make a major impact on the 
profitability of the firm. 
• The firm expects to grow on a cumulative average of 8.6% per annum. 
• The expectation of the firm is that the diesel price would touch Rs.72.5 per litre 
by year 2010. 
• Life Cycle Cost (LCC) analysis: 
o Scenario 1 - Diesel based power generation 
The LCC works out to Rs.20.5 per unit. This cost is highly susceptible to 
the diesel price and maintenance cost which follow a rising trend. 
o Scenario 2 - SPV power generation 
The LCC works out to Rs.23.4 per unit. The solar PV module price greatly 
influence the out come. By and large, this price has been registering a 
downward trend as the volume of global production has been increasing at 
CAGRofabout25%. 
5. J. 1.2 Amtek Casting - Coimbatore 
The firm has installed 1 generator to support the operation on stand by mode. 
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Study was carried out on the operations of one of the 110 KVA diesei generator. 
The following points may be observed from Annexure VIII regarding this firm. 
• Almost 0.21% of the total electricity by this unit has been supplied by the 110 
KVA generator. 
• The grid electricity tariff has been around Rs.4.5 per unit; the computed cost of 
electricity from diesei generation was working out to Rs. - (Not available). 
• The grid electricity bill was almost 1.04% of the annual sales turn over in the year 
( 378 ^ 
X 100 
2004-2005^35857 J 
• The diesei system was found to be consuming about 22 litres of diesei per hour. 
• The annual maintenance cost of the generator was almost about 9.28% of the 
diesei system cost. 
• The net profit of the company was found to be 6.9% of sales. Any improvement, 
therefore, in the total electricity bill would make a major impact on the 
profitability of the firm. 
• The firm expects to grow on a cumulative average of 8.6% per annum. 
• The expectation of the firm is that the diesei price would touch Rs. 100.00 per litre 
by year 2010. 
• Life Cycle Cost (LCC) analysis: 
o Scenario 1 - Diesel based power generation. 
The LCC works out to Rs.24.6 per unit. This cost is highly susceptible to 
the diesei price and maintenance cost which follow a rising trend. 
o Scenario 2 - SPV power generation. 
The LCC works out to Rs.22.5 per unit. The solar PV module price greatly 
influence the out come. By and large, this price has been registering a 
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downward trend as the volume of global production has been increasing at 
CAGRofabout25%. 
5.1.2 Textiles 
It could be seen from Table 4 that Textiles has a share of 20.88 % in the diesel 
based captive power generation of the industrial segment. 
Synthetic yam and viscose yam are major sectors of this industry. The firms 
picked up for study in this sector are located at Kolkata and Coimbatore. The price of 
diesel was found to be Rs.50 per litre at Kolkata (including all other expenses) and Rs. 44 
per litre at Coimbatore. 
5.1.2.1 Jayshree Textile- Kolkata 
The firm has installed 14 generators to support the operation on stand by mode. 
Study was carried out on the operations of one of the 860 KVA diesel generator. 
The following points may be observed from Annexure - IX regarding this firm. 
• Almost 0.2% of the total electricity by this unit has been supplied by the 860 
KVA generator. 
• The grid electricity tariff has been around Rs.3.6 per unit; the computed cost of 
electricity from diesel generation was working out to Rs.13.8 per unit. 
• The grid electricity bill was almost 3% of the annual sales turn over in the year 
f 2880 ^ 
2005-2006 100000 
xlOO 
• The diesel system was found to be consuming about 140 litres of diesel per hour. 
• The annual maintenance cost of the generator was almost about 11.90% of the 
diesel system cost. 
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• The net profit of the company was found to be 5% of sales. Any improvement, 
therefore, in the total electricity bill would make a major impact on the 
profitability of the firm. 
• The firm expects to grow on a cumulative average of 16.6% per annum. 
• The expectation of the firm is that the diesel price would touch Rs.68.00 per litre 
by year 2010. 
• Life Cycle Cost (LCC) analysis: 
o Scenario 1 - Diesel based power generation. 
The LCC works out to Rs.20.1 per unit. This cost is highly susceptible to 
the diesel price and maintenance cost which follow a rising trend. 
o Scenario 2 - SPV power generation. 
The LCC works out to Rs.23.6 per unit. The solar PV module price greatly 
influence the out come. By and large, this price has been registering a 
downward trend as the volume of global production has been increasing at 
CAGRofabout25%. 
5.1.2.2 Eastern Spinwell - Coimbatore 
The firm has installed 2 generators to support the operation on stand by mode. 
Study was carried out on the operations of one of the 250 KVA diesel generator. 
The following points may be observed from Annexure - X regarding this firm. 
• About 16% of the total electricity by this unit has been supplied by the 250 KVA 
generator. 
• The grid electricity tariff has been around Rs.4.3 per unit; the computed cost of 
electricity fi-om diesel generation was working out to Rs. 12.00 per unit. 
• The grid electricity bill was almost - (Not available) of the annual sales turn over 
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in the year 2005-2006 (Not Available). 
• The diesel system was found to be consuming about 42 litres of diesel per hour. 
• The annual maintenance cost of the generator was almost about 14.70% of the 
diesel system cost. 
• The net profit of the company was found to be ... (Not available) % of sales. 
• The firm expects to grow on a cumulative average of... (Not available) per 
annum. 
• The expectation of the firm is that the diesel price would touch Rs.76.56 per litre 
by year 2010. 
• Life Cycle Cost (LCC) analysis: 
o Scenario 1 - Diesel based power generation 
The LCC works out to Rs.19.2 per unit. This cost is highly susceptible to 
the diesel price and maintenance cost which follow a rising trend. 
o Scenario 2 - SPV power generation 
The LCC works out to Rs.23.3 per unit. The solar PV module price greatly 
influence the out come. By and large, this price has been registering a 
downward trend as the volume of global production has been increasing at 
CAGRofabout25%. 
5.7.5 Chemicals 
It could be seen from Table 4 that Chemicals has a share of 14% in the diesel 
based captive power generation of the industrial segment. 
Glass manufacturing is one of the major sectors of the chemicals segment, I had 
picked up two firms under this category located at Kolkata. It was also observed that the 
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price of diesel, including transportation and storage, works out to almost Rs.45 per litre in 
this region. 
5.1.3.1 Hindustan Glass - Kolkata 
The firm has installed 5 generators to support the operation on stand by mode. 
Study was carried out on the operations of one of the 860 KVA diesel generator. 
The following points may be observed from Annexure - XI regarding this firm. 
• Almost 0.02% of the total electricity by this unit has been supplied by the 
860 KVA generator. 
• The grid electricity tariff has been around Rs.4.00 per unit; the computed cost of 
electricity from diesel generation was working out to Rs. 15.00 per unit. 
• The grid electricity bill was almost - (Not available) of the annual sales turn over 
in the year 2005-06 (Not available). 
• The diesel system was foimd to be consuming about 140 litres of diesel per hour. 
• The annual maintenance cost of the generator was almost about 14.28% of the 
diesel system cost. 
• The net profit of the company was found to be % (Not available) of sales. 
• The firm expects to grow on a cumulative average of- (Not available) per annum. 
• The expectation of the firm is that the diesel price would touch Rs.- per litre (Not 
available) by year 2010. 
• Life Cycle Cost (LCC) analysis: 
o Scenario 1 - Diesel based power generation 
The LCC works out to Rs.18.4 per unit. This cost is highly susceptible to 
the diesel price and maintenance cost which follow a rising trend. 
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o Scenario 2 - SPV power generation 
The LCC works out to Rs.23.6 per unit. The solar PV module price greatly 
influence the out come. By and large, this price has been registering a 
downward trend as the volume of global production has been increasing at 
CAGRofabout25%. 
5.1.3.2 BioCon - Bangalore 
The firm has installed 5 generators to support the operation on stand by mode. 
Study was carried out on the operations of one of the 1250 KVA diesel generator. 
The following points may be observed from Annexures XII regarding this firm. 
• Almost 10.11 % of the total electricity by this unit has been supplied by the 1250 
KVA generator. 
• The grid electricity tarifThas been aroimd Rs.4.9 per unit; the computed cost of 
electricity from diesel generation was working out to Rs. 10.00 per unit. 
• The grid electricity bill was almost 0.2 % of the annual sales turn over in the year 
(176.4 ^ 
xlOO 
2005-2006 '^'2000 ; 
• The diesel system was found to be consuming about 190 litres of diesel per hour. 
• The annual maintenance cost of the generator was almost about 11.76% of the 
diesel system cost. 
• The net profit of the company was found to be 25% of sales. Any improvement, 
therefore, in the total electricity bill would make a major impact on the 
profitability of the firm. 
• The firm expects to grow on a cumulative average of 41 % per annum. 
• The expectation of the firm is that the diesel price would touch Rs. 100 f)er litre by 
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year 2010. 
• Life Cycle Cost (LCC) analysis: 
o Scenario 1 - Diesel based power generation 
The LCC works out to Rs.17.3 per unit. This cost is highly susceptible to 
the diesel price and maintenance cost which follow a rising trend. 
o Scenario 2 - SPV power generation 
The LCC works out to Rs.23.6 per unit. The solar PV module price greatly 
influence the out come. By and large, this price has been registering a 
downward trend as the volume of global production has been increasing at 
CAGRofabout25%. 
5.1.4 Cement 
It could be seen from Table 4 that Cement has a share of 15.95% in the diesel 
based captive power generation of the industrial segment. 
5.1.4.1 Ambuja Cement - Kolkata 
The firm has installed 3 generators to support the operation on online mode. There 
is no grid power supply to the firm. Study was carried out on the operations of one of the 
1000 KVA diesel generator. 
The following points may be observed from Annexure XIII regarding this firm. 
• Almost 100% of the total electricity by this unit has been supplied by the 
generators. 
• The grid electricity tariff has been around Rs. - (Not Applicable) per unit; the 
computed cost of electricity from diesel generation was working out to Rs.3.74 
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per unit. 
• The grid electricity bill was almost - % (Not Applicable) of the annual sales turn 
over in the year- (Not Applicable). 
• The diesel system was found to be consuming about 170 litres of diesel per hour. 
• The annual maintenance cost of the generator was almost about 11.81% of the 
diesel system cost. 
• The net profit of the company was found to be 10%. Cost of electricity per unit of 
product was found to be 2.8%. Any improvement, therefore, in the total electricity 
bill would make a major impact on the profitability of the firm. 
• The firm expects to grow on a cumulative average of 12.17% per annum. 
• The expectation of the firm is that the diesel price would touch RslOO per litre by 
year 2010. 
• Life Cycle Cost (LCC) analysis: 
o Scenario 1 - Diesel based power generation 
The LCC worlcs out to Rs.19.5 per unit. This cost is highly susceptible to 
the diesel price and maintenance cost which follow a rising trend. 
o Scenario 2 - SPV power generation 
The LCC works out to 12.5 per unit. The solar PV module price greatly 
influence the out come. By and large, this price has been registering a 
downward trend as the volume of global production has been increasing at 
CAGRofabout25%. 
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5.7.5 Engineering 
5.1.5.1 Bi-Metal Bearing - Coimbatore 
The firm has installed 2 generators to support the operation on online mode. Study 
was carried out on the operations of one of the 625 KVA diesel generator. 
The following points may be observed from Annexure XIV regarding this firm. 
• Almost 45% of the total electricity by this unit has been supplied by the 625 KVA 
generator. 
• The grid electricity tariff has been around Rs.3.9 per unit; the computed cost of 
electricity from diesel generation was working out to Rs. 10.5 per unit. 
• The grid electricity bill was almost 2.1 % of the annual sales turn over in the year 
2005-06 l - ^ x i o o l . 
Uooo ) 
• The diesel system was found to be consuming about 110 litres of diesel per hour. 
• The annual maintenance cost of the generator was almost about 11.05% of the 
diesel system cost. 
• The net profit of the company was found to be - % (Not Available) of sales. 
• The firm expects to grow on a cumulative average of- % (Not Available) per 
annum. 
• The expectation of the firm is that the diesel price would touch Rs.75.00 per litre 
by year 2010. 
• Life Cycle Cost (LCC) analysis: 
o Scenario 1 - Diesel based power generation 
The LCC works out to Rs. 18.3 per unit. This cost is highly susceptible to 
the diesel price and maintenance cost which follow a rising trend. 
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o Scenario 2 - SPV power generation 
The LCC works out to Rs.13.8 per unit. The solar PV module price greatly 
influence the out come. By and large, this price has been registering a 
downward trend as the volume of global production has been increasing at 
CAGRofabout25%. 
5.1.5.2 Salzer Electronics - Coimbatore 
The firm has installed 1 generator to support the operation on online mode. Study 
was carried out on the operations of one of the 160 KVA diesel generator. 
The following points may be observed from Annexure XV regarding this firm. 
• Almost 4% of the total electricity by this unit has been supplied by the 160 KVA 
generator. 
• The grid electricity tariff has been around Rs.4.7 per unit; the computed cost of 
electricity from diesel generation was working out to Rs.10.9 per unit. 
• The grid electricity bill was almost 0.92% of the annual sales turn over in the year 
• r 23 „^ 
xlOO 
2004-2005 ^2505 j 
• The diesel system was found to be consuming about 30 litres of diesel per hour. 
• The annual maintenance cost of the generator was almost about 12% of the diesel 
system cost. 
• The net profit of the company was found to be 8.8% of sales. Any improvement, 
therefore, in the total electricity bill would make a major impact on the 
profitability of the firm. 
• The firm expects to grow on a cumulative average of 58% per annum. 
• The expectation of the firm is that the diesel price would touch Rs.-per litre (Not 
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Available) by year 2010. 
Life Cycle Cost (LCC) analysis: 
o Scenario 1 - Diesel based power generation 
The LCC works out to Rs.22.1 per unit. This cost is highly susceptible to 
the diesel price and maintenance cost which follow a rising trend. 
o Scenario 2 - SPV power generation 
The LCC works out to Rs.18.3 per unit. The solar PV module price greatly 
influence the out come. By and large, this price has been registering a 
downward trend as 
5.2 Results 
5.2.1 Minerals and Metals 
Table 41 
Results - Minerals and Metals 
DG Diesel usage Price of Qtyof LCC 
No. Firm Capacity Rate diesel diesel per 
Hours DG SPV 
KVA (Itr/hr) Rs./lt annum (itr) 
Anugraha 
1 500 85 600 48 51000 20.5 23.4 
Valves 
Amtek 
2 110 22 600 50 13200 24.6 22.5 
Casting 
Inference of the study is fiimished below: 
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• Studies of Anugraha and Amtek reveal that the LCC under both scenarios are 
within very close range. 
• Sensitivity analysis given in Chapter - 5.4 brings out that SPV could emerge as a 
better option as the diesel prices show an upward swing and availability of diesel 
is limited. 
• For a Captive energy consumption per annum of 2,60,100 kwh 
{(711 + 156) X 300)} the diesel saving is of the order of 64,200 litres. Over the 
life cycle of 20 years, the diesel saving will be of the order of 1.3 million litres. 
• Extrapolated to the Mineral and Metals industry the saving in diesel will be 
substantial contributing to: 
o Better GDP for the nation 
o Avoidance of pol I ution 
o Improved energy security 
• It may be noted that on the economic analysis, the saving to the firm on account 
of carbon emission reduction (appro. US $10 / torme of CO2 saved) under Clean 
Development Mechanism has not been factored in. 
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5.2.2 Textiles 
Table 42 
Results - Textiles 
DG Diesel usage Price of Qty of LCC 
No. Firm Capacity Rate diesel diesel per 
Hours DG SPV 
KVA (Itr/hr) Rs./lt annum (Itr) 
Jayshree 
1 860 140 600 50 84000 20.1 23.6 
Textiles 
Eastern 
2 250 42 600 44 25200 19.2 23.3 
Spinwell 
Inference of the study is furnished below: 
• Studies of Jayshree Textiles and Eastern Spinwell reveal that the LCC under both 
scenarios are within very close range. 
• Sensitivity analysis given in Chapter - 5.4 brings out that SPV could emerge as a 
better option as the diesel price show an upward swing and availability of diesel is 
limited. 
• For a captive energy consumption per annum of 4,73,598 Kvk'h 
{(355.55 + 1223.11) x 300} the diesel saving is of the order of 1,09,200 litre. 
Over the life cycle of 20 years, the diesel saving will be of the order of 2.1 million 
litres. 
• Saving in diesel will be substantial for the segment contributing to 
o Better GDP for the nation 
o Avoidance of pollution 
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o Improved energy security 
It may be noted that on the economic analysis, the saving to the firm on account 
of carbon emission reduction (appro. US $10 / tonne of CO2 saved) under Clean 
Development Mechanism has not been factored in. 
5.2.3 Chemicals 
Table 43 
Results - Chemicals 
No. Firm 
DG 
Capacity Rate 
Diesel usage Price of Qtyof LCC 
diesel diesel per 
Hours DG SPV 
KVA (Itr/hr) Rs./lt annum (Itr) 
Hindustan 
860 
Glass 
BioCon 1250 
140 600 45 84000 
190 600 45 114000 
18.4 23.6 
17.3 23.6 
Inference of the study is furnished below: 
• Studies of Hindustan Glass and BioCon reveal that LCC under both scenarios are 
within very close range 
• Sensitivity analysis given in Chapter - 5.4 brings out that SPV could emerge as a 
better option as the diesel prices show an upward swing and availability of diesel 
is limited. 
• For a captive energy consumption per annum of 9,00,000 Kwh 
{(1223 + 1777) X 300}the diesel saving is of the order of 1,98,000 litres. Over the 
life cycle of 20 years, the diesel saving will be of the order of 3.96 million litres. 
• Saving in diesel wall be substantial for the segment contributing to 
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o Better GDP for the nation 
o Avoidance of pollution 
o Improved energy security 
It may be noted that on the economic analysis, the saving to the firm on account 
of carbon emission reduction (appro. US $10 / tonne of CO2 saved) under Clean 
Development Mechanism has not been factored in. 
5.2.4 Cement 
Table 44 
Results - Cement 
DG Diesel usage Price of Qty of LCC 
No. Firm Capacity Rate diesel diesel per 
Hours DG SPV 
KVA (Itr/hr) Rs./lt annum (itr) 
Ambuja 
1 1000 170 8760 52 1489200 19.5 12.5 
Cements 
Inference of the study is furnished below: 
• Study of Ambuja Cement reveal that LCC for SPV system is far below the DG 
power. 
• Sensitivity analysis given in Chapter - 5.4 brings out that SPV could emerge as a 
much better option as the diesel prices shown an upward swing and availability of 
diesel is limited. 
• For a Captive energy consumption per annum of 62,293,30 Kwh 
(17066.66 X 365) the diesel saving is of the order of 14,89,200 litres. Over the life 
cycle of 20 years, the diesel saying will be of the order of 29.78 million litres. 
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Saving in diesel will be substantial for the segment contributing to 
o Better GDP for the nation 
o Avoidance of pollution 
o Improved energy security 
It may be noted that on the economic analysis, the saving to the firm on account 
of carbon emission reduction (appro. US $10 / tonne of CO2 saved) under Clean 
Development Mechanism has not been factored in. 
5.2.5 Engineering 
Table 45 
Results - Engineering 
DG Diesel usage Price of Qty of LCC 
No. Firm Capacity Rate diesel diesel per 
Hours DG SPV 
KVA (Itr/hr) Rs./lt annum (Itr) 
Bi-Metal 625 
Salzer 
160 
10 
30 
7920 45 
1155 49 
871200 
34650 
18.3 13.8 
22.1 18.3 
Electronics 
Inference of the study is furnished below: 
• Study of Bi-Metal Engineering and Salzer Electronics reveal that SPV is 
economical for Bi-Metal and both are in close range for Salzer. 
• Sensitivity analysis given in Chapter - 5.4 brings out that SPV could emerge as a 
better option as the diesel prices shown an upward swing and availability of diesel 
is limited. 
• For a Captive energy consumption per annum of 3331212 Kwh 
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{(10666) X 300 + (398.22) x 330} the diesel saving is of the order of 
905850 litres. Over the life cycle of 20 years, the diesel saving will be of the order 
of 18.10 million litres. 
Saving in diesel will be substantial for the segment contributing to 
o Better GDP for the nation 
o Avoidance of pollution 
o Improved energy security 
It may be noted that on the economic analysis, the saving to the firm on account 
of carbon emission reduction (appro. US $10 / tonne of CO2 saved) under Clean 
Development Mechanism has not been factored in. 
5.3 Results at Macro Level 
Please refer Table 46 given below. The capacity of captive power generation for 
different segments is reproduced from Table 4. For extrapolation purposes the power in 
MW has been converted to KVA by dividing by a power fector of 0.8 (assumed) and 
multiplying by 1000. 
If it is assumed that at least 50% of the capacity is swdtched over the figures of 
captive power generation will be as given in column "50% of installed KVA". From the 
current levels of diesel usage and ratio of the 50% capacity to the current capacity studied 
it can be extrapolated to infer that the gross saving will be of the order of 1.7 million 
Kilo litres of diesel oil per annum. 
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Table 46 
Results at Macro level 
No. Segment 
Minerals 
1 
and Metals 
2 Textiles 
3 Chemicals 
4 Cement 
5 Engineering 
MW 
652 
1407 
944 
1075 
739 
Installed 
KVA 
815000 
1758750 
1180000 
1343750 
923750 
50% of 
installed 
KVA 
407500 
879375 
590000 
671875 
461875 
Firms 
studied 
KVA 
610 
1110 
2110 
1000 
785 
Ratio 
668.03 
792.23 
279.62 
671.88 
588.38 
Expected 
annual 
saving 
for firms 
studied 
(Kl) 
64.2 
109.2 
198 
1489 
905.85 
Gross Kl 
42887.70 
86511.49 
55364.93 
1000429.32 
532984.02 
5.4 Sensitivity Analysis 
As observed in section 5.2, the inference of the investigation will greatly be 
influenced by the diesel price. 
A sensitivity analysis has been carried out for each of the segment with following 
levels of diesel prices since all the other parameters are likely to be more or less stable. 
1) Diesel Price Rs.45 / Itr. 
2) Diesel Price Rs.55 / Itr 
3) Diesel Price Rs.65 / Itr 
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Figure. 62. Sensitivity Analysis 
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Table 47 
Sensitivity Analysis 
No. Segment Firm LCC LCC-Diesel Remarks 
SPY 
Rs.45/ltr Rs.55/ltr Rs.65/ltr 
1 Minerals «& Anugraha 23.36 19.37 23.28 27.19 
Metals Valves 
Amtek 22.46 22.32 26.91 31.50 
Casting 
2 Textiles Jayshree 23.59 18.26 22.00 25.74 
Textiles 
Eastern 23.31 19.63 23.49 27.35 
Spinwell 
3 Chemicals Hindustan 23.62 18.42 22.16 25.90 
Glass 
BioCon 23.62 17.30 20.79 24.28 
4 Cements Ambuja 12.50 16.86 20.58 24.30 
Cements 
5 Engineering Bi-Metal 13.83 18.32 22.36 26.41 
Bearing 
Salzer 18.29 20.34 24.65 28.95 
Electronics 
It can be observed from the above Table that in almost all the cases LCC for SPV 
power becomes extremely favorable as the price of diesel touches Rs.55/ltr. 
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CHAPTER - 6 RECOMMENDATION AND CONCLUSION 
6.1 Summary 
Industrial category of consumers had the highest share i.e. 33.85% of the total 
energy sold of 339598 GWh in 2002-03. Captive power generation using diesel has been 
6736 MW in 2002-03 for the Industrial Segments out of the total of 18361 MW. Further 
the segments covered under this study had 71% of the installed capacity of 6736 MW. 
Consequences of emission due to fossil fuels are well known and briefly 
documented in this study. Further, any growth in diesel usage not only will be a drain on 
our foreign exchange but also will have a strong impact on our energy security and 
environment. 
Firms studied under the industrial segment deploy diesel generators from 
110 KVA to 1250 KVA range. Usage varies from 2 hours a day to 24 hours a day. The 
Life Cycle Cost analysis show that it would be feasible to replace the diesel generator 
system by Solar PV systems of adequate capacity to provide equivalent energy. The LCC 
compared on very close range at the current diesel price (for the respective firms) and put 
SPV on a highly favorable domain if the price of diesel swings upwards to Rs.55/ltr or 
Rs.65/ltr. 
In addition to substantial savings in diesel consumption (Consequently crude 
import to the country) this will be a great area of interest to the industry to get involved in 
manufacture and supply of large scale solar PV systems. For example the design show 
that the Solar PV Array required for the Ambuja Cements will be almost 5.5 M W. The 
focus of the Renewable Energy Industry, particularly Solar Photovoltaics, should shift 
from the Government sponsored subsidy programs to the corporate needs. It is time large 
scale corporates to get in to this industry because of the potential evidenced by this study. 
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6.2 Recommendation 
6.2.1 Sector-wise and specific recommendation 
6.2.1.1 Minerals and Metals 
Metal processing is one of the most energy intensive manufacturing sectors. 
Because of the sensitivity for electricity of the processes like metal preparations, melting, 
refining etc. it has been seen that nearly 10% of the diesel based captive power generation 
takes place here. In processes like metal casting 55% of the energy costs occur at the 
'Melting' process for which furnaces are used, temperature inside ranging between 350''C 
to 1200°C. The firms are widely distributed across the country. 
The two firms studied under the segment use 110 KVA and 500 KVA diesel 
generators respectively. Both the firms situated at Coimbatore in Tamil Nadu use the 
system on Stand-by mode with approximate use of about 2 hours per day. 
Energy usage pattern study and the life cycle costing under the two scenarios 
reveal the following: 
1. Anugraha Valves - 500 KVA - DG = 20.5 SPV = 23.4 
2. Amtek Casting - 110 KVA - DG-24.6 SPV = 22.5 
It may be noted that the landed cost of diesel (including transportation and 
storage) works out to about Rs.48 to 50 for these firms at present. 
Further, sensitivity analysis at various diesel prices of Rs.45 / Itr, Rs.55 / Itr and 
Rs.65 / Itr indicate that SPV becomes substantially economical once llie diesel price 
crosses Rs.55 / Itr. The diesel price forecasting in this study shows that the total landed 
price of diesel (the forecasted value with transportation and storage at extra) will reach 
that range by year 2007-2008. So it is strongly recommended that the stand-by power 
 
 
 
 
 
  
 
 
 
Recommendation 284 
supply should be switched to Solar Power by these two firms at the earliest. 
With reference to Table 46, it may be observed that even if 50% of the firms 
adopt this 'switch over' the potential for the diesel oil saving on an extrapolated basis 
works out to about 42,887 Kilo-litres per annum. This is equal to about 2,69,759 barrels 
(at 6.29 barrels per Kilo-litre). At the current average price of about US $75 per barrel for 
crude (no conversion efficiency factor taken) this works out to about 20 million US 
dollars. On a life cycle of about 20 years the foreign exchange saving works out to about 
400 million US dollars and minimum of about 739140 tonnes of oil. 
Studies reveal, therefore, that there is a strong case for Government to bring out 
certain innovative policies to secure fiiel switch over by this segment. 
Note: i. 1 barrel =158.98 Itr 
ii. 1 Kl = 6.29 barrels 
iii. 1 barrel = 0.137 tonnes 
6.2.1.2 Textiles 
Firms in this group deal with a variety of products say, fi"om yam to fabrics. The 
type could be Linen Yam, Synthetic Yarn, Worsted Yam (Wool and Polyester), Polyester 
Viscose etc. One can generalize the process (at the cost of over simplification due to the 
thousands of varieties involved) as Extrusion, Take-up machines. Draw twisters. Coning 
Machines, Twisters, etc. The energy consumption, almost about 60% of the total, takes 
place in these drives. Captive power generalion is extremely important here as for quality 
production un-interrupted power supply is a pre-requisite. It therefore forms a major 
part of Diesel based Captive Power generation (1407 MW out to 6736 MW in year 2002-
2003, as reported earlier). Any intermptions in power supply results in disproportionate 
increase (substantial) in production losses in the Textile segment. 
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The two firms Jayshree Textiles, Kolkatta and Eastern Spinwell, Coimbatore, use 
860 KVA and 250 KVA Diesel Generators respectively on Stand-by mode. Annual 
hours of usage in Jayshree Textiles and in Eastern Spinwell are about 600 hours each. 
Energy usage pattern study and the life cycle costing under the two scenarios 
reveal the following: 
1. Jayshree Textiles - 860 KVA - DG = 20.1 SPV = 23.6 
2. Eastern Spinwell - 250 KVA - DC =19.2 SPV = 23.3 
It may be noted that the landed cost of diesel (including transportation and 
storage) works out to about Rs.44 to Rs.50 per liter for these two firms. 
Further, sensitivity analysis at various diesel prices of Rs.45/ltr, Rs.55/ltr and 
Rs.65/ltr indicates that SPV becomes substantially economical once the diesel prices 
crosses Rs.55/ltr. My study on diesel price forecasting indicate that the total landed price 
of diesel (the forecasted value with transportation and storage at extra) will reach that 
range by year 2007-08. So it is strongly recommended that the stand-bv power supply 
should be switched to solar power by these two firms at the earliest. 
With reference to Table 46, it may be observed that, even if 50% of the firms 
adopt the 'switch over', the potential for diesel oil saving on an extrapolated basis works 
out to about 86,511 Kilo-litres per annum. This is equivalent to about 544154 barrels. 
At the current average price of about US $75 per barrel for crude, this works out to about 
41 million US dollars. On a life cycle cost of about 20 years the foreign exchange saving 
works out to about 820 million US dollars and minimum of about 1490982 tonnes of oil. 
It may therefore be appropriate for the Government to bring in legislation so that 
the 'fuel switch over' takes place in this sector in a rapid manner. 
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6.2.1.3 Chemicals 
The diesel based captive power generation in the Chemicals segment was about 
944 MW out of the gross capacity of 6736 MW. This is almost 14%. 
Glass, petrochemicals, oil and other chemical manufacturing are all included in 
this segment. Glass manufacturing generally comprises from major process steps of Batik 
preparation. Melting, Refining, Forming, Post-Forming etc. Melting, Refining and 
Forming are highly energy consuming processes (MeUing takes place at about 1540°C) 
and electricity is very critical, for most of the chemical plants heating with electricity is 
essential and 'melting' will be one of this major processes. In additional, for smooth un-
interrupted production availability of high quality power on a continuous basis is 
essential. The plants will also have highly critical derives which need to be supported by 
the stand-by power supply. 
The two firms studied under the category of chemicals are M/S. Hindustan Glass 
and Bio-Con. Hindustan Glass is one of the leading manufacturers of glass and they use 
an 860 KVA diesel generator. Bio-Con which is leader in bio-technology has a captive 
power capacity of 7 MVA capacity. However, for the study 1 had taken up one 1250 
KVA generator. Both the firms lise captive power generation in the 'stand-by' mode and 
average usage in about 600 hours per annum in both the cases. 
Energy usage pattern study and the life cycle costing under the two scenarios 
reveal the following: 
1. Hindustan Glass - 860 KVA - DC =18.4 SPV = 23.6 
2. Bio-Con - 1250 KVA - DG=17.3 SPV = 23.6 
It may be noted that the landed cost of diesel (including transportation and 
storage) works out to about Rs.45.00/ltr for these two firms. 
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Sensitivity analysis at various diesel prices of Rs.45/ltr, Rs.55/ltr and Rs.65/ltr 
indicate that SPV becomes substantially economical once the diesel price crosses 
Rs.55/ltr. As per my study, this could happen in Year 2007-08. So it is strongly 
recommended that the stand-by power supply should be switched to solar power by these 
two firms at earliest. 
With reference to Table 46 it may be observed that even if 50% of the firms adopt 
the 'switch over' the potential for diesel oil saving on an extrapolated basis works out to 
about 55364 Kilo-litre per annum. This is equivalent to about 348239 barrels. At the 
current average price of about US $75 per barrel for crude, this works out to about 
26.11 million US dollars. On a life cycle cost of about 20 years the foreign exchange 
saving works out to about 522 million US dollars and minimum of about 954176 tonnes 
of oil. 
6.2.1.4 Cement 
Modem manufacturing processes required to produce cement, require large 
amount of heat and electricity. Electricity is the blood line of such a manufacturing 
process. That is why nearly 1075 MW of diesel based captive power generation takes 
place in the cement sector. The electricity consumption in a cement plant is mostly in the 
clinker, kilns and grinding mills. Lot of electrical energy is used even in material 
transportation. 
The firms studied under the sector is M/S. Ambuja Cements based at Kolkata. 
They use a 1000 KVA (in a 11 MVA captive DG power plant) diesel generator on the 
"on-line" mode. It is interesting to note that this plant has not taken any grid power 
supply since they feel that the benefit of captive power generation, from the sensitive 
nature of power availability requirements, is paramount. 
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Energy usage pattern study and the life cycle costing for this firm, under the two 
scenarios reveal the following: 
1. AmbujaCement - 1000 KVA - DG=19.5 SPV=i2.5 
It may be noted that the landed cost of diesel (including transportation and 
storage) for this firm works out to about Rs.52/ltr. The sensitivity analysis ftirther shows 
improvements in the benefits of the SPV system. 
This is an apt case for 'switch over'. However, it must be noted that the solar PV 
array required for this firm is about 5.5 MWp a very large array. It is worth mentioning 
here that at the global level systems with PV array of 10.5 MW exist. The battery 
capacity required is about 155000 Ah at 220 volts DC. Enquiries with battery 
manufacturers reveal that battery bank up to 1,00,000 Ah are prevalent at the global level. 
This is for an extremely favorable case for switch over as the life cycle cost of 
SPV power is for lower than the DG power. Government should very seriously consider 
'fuel switch over' in this case. 
With reference to Table 46, it may be observed that even if 50% of the firms 
adopt the 'switch over' the potential for diesel oil saving on an extrapolated basis works 
out to about 1000429 Kilo-litre per annum. This is equivalent to about 6292698 barrels. 
At the current average price of about US $75 per barrel of crude, this works out to about 
470 million US dollars. On a life cycle cost of about 20 years the foreign exchange 
saving works out to about 9439 million US dollars and minimum of about 17241993 
tonnes of oil. 
6.2.1.5 Engineering 
As per the TEDDY 2000-01 report the total captive power generation based on 
diesel is about 739 MW as on 31'' March 2003. The engineering sector comprise of all 
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varieties of manufacturing like steel, alloys, cables, wires, bearings, electronics etc. They 
use electrical energy mostly for drives in their milling machines, lathes, rolling mills, 
plating etc. 
The two firms studied under this category are Bi-metal bearing at Bangalore and 
Salzer Electronics at Coimbatore. Bi-metal bearing use electricity mostly in milling, 
boring and plating processes whereas Salzer Electronics use it in their machines shop, 
moulding machine, press etc. The 625 KVA, DG installed at Bi-metal and 160 KVA, DG 
installed at Salzer were taken up for study. As the plating process is very critical and any 
power outage can result in to substantial losses the Bi-metal uses the DG on the 'on-line" 
mode. But Salzer uses the same only on the Stand-by mode. 
Energy usages pattern study and the life cycle cost analysis for the firms under 
study reveal the following. 
1. Bi-metal bearing - 625 KVA - DG=18.3 SPV=13.8 
2. Salzer Electronics - 1 6 0 KVA - DG = 22.3 SPV=18.3 
The landed cost of diesel (Rs./ltr) reported for these firms range from Rs.35 to 
Rs.45. 
At the level of current pricing of diesel itself the LCC of SPV system was found 
to be comparatively lower in both the cases. Sensitivity analysis pushed further the 
advantage of SPV system. It is recommended therefore that the 'fuel switch over' should 
not be delayed in such case. 
With reference to Table 46, it may be observed that even if 50% of the firms 
adopt the 'switch over' the potential for diesel oil saving on an extrapolated basis works 
out to about 532984 Kilo-litre per annum. This is equivalent to about 3352469 barrels. At 
the current average price of about US $75 per barrel for crude this works out to about 
 
 
 
 
 
  
 
 
 
Recommendation 290 
251 million US dollars. On a life cycle of about 20 years the foreign exchange saving 
works out to about 5028 million US dollars and minimum of about 9185766 tonnes of oil. 
6.2.2 A review of Laws in certain countries 
6.2.2.1 China 
"The Renewable Energy Law of the People's Republic of China" was adopted at 
the 14"" Session of the standing committee of the 10th National People's Congress on 
February 28*, 2005. 
It may be noted that the Article 1 states that "In order to promote the development 
and utilization of renewable energy, improve the energy structure, diversify energy 
supplies, safeguard energy security, protect the environment, and realize the sustainable 
development of the economy and society this Law is hereby prepared". It is worth 
mentioning here that the focus for this thesis also has been, substitution of diesel by solar 
energy for addressing the issues of diversifying energy supplies, safeguard energy 
security, protect the environment and realize sustainable development. 
Some of the Articles which may be referred for creating a suitable law for the 
country in application of renewables in the industrial segment, is discussed below, A 
thorough study of the document reveals that there has not been any specific focus to 
industrial segment. However, certain laws exist which provides a conducive atmosphere 
which could be suitably modified for large scale application in the industrial segment. 
a. Article 4: The government encourage economic entities of all ownerships 
to participate in the development and utilization of renewable energy at 
the national level. Relevant departments of the State Council are 
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responsible for the management of relevant development and utilization of 
renewable energy within their authorities. 
This is very important from the point of view of permitting industry to 
me Renewable Energy for captive power generation. 
b. Article 11: Standardization authorities of the State Council shall set and 
publicize technical standard for renewable energy electric power and the 
technical standards for relevant renewable technology and products for 
which technical requirements need to be standardized at the national level. 
For those technical requirements not dealt with in the national standard in 
the previous paragraph, relevant authorities of the State Council may 
establish relevant industrial standard, which shall be reported to the 
standardization authorities of the State Council for filling. 
This kind of provision helps in formulating standards for use of system 
in industrial applications. 
c. Article 17: The Government encourages workplace and individual in the 
installation and use of solar energy utilization systems of solar energy 
water-heating system, solar energy heating and cooling system and solar 
photovoltaic system, etc. 
Construction authorities of the State Council shall cooperate with relevant 
authorities of the State Council in establishing technical economic policies 
and technical standards with regard to the combination of solar energy 
utilization system and construction. 
Similar provisions will help the respective Governments to come out with 
incentive schemes to integrate the issue connected with high capital cost. 
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6.2.2.2 Germany 
The original 'Renewable Energy Law' of Germany was passed in year 2000. This 
was announced in July 2004. 
Article 1: Stipulates the purpose as "The purpose of this act is to facilitate 
sustainable development of energy supply, particularly for the sake of protecting our 
climate, nature and the environment, to reduce the costs of energy supply to the national 
economy, also by incorporating long-term external effects, to protect nature and the 
environment, to contribute to avoiding conflicts over fossil fiaels and to promote the 
further development of technologies for the generation of electricity from renewable 
energy sources. 
It is very important to note here that the following objectives are in tune with the 
focus of this thesis: 
• To facilitate sustainable development of energy supply 
• To reduce costs of energy supply to the national economy 
• To contribute to awarding conflicts over fossil fuels 
It is mentioned that the law is further intended to the increase in the percentage of 
renewable energy sources in power supply to at least 20% by 2020. 
On a scrutiny of the law, it can be observed that there has not been any specific 
provision for captive power generation by renewables to the industry. However, the feed-
in-tariff regime may be used to produce power through renewables at any location and it 
will be obligatory on the part of the Grid System operator to connect such plants on 
priority to the gird, transmit and supply where the electricity is needed (Article 4). 
Article 11 also provides for fees paid for Electricity produced from solar radiation 
to be "at least 45.7 cents per kilowatt-hour". 
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Generally, the laws enable firms to produce electricity though renewables and 
use the Grid for taking benefit of the same. 
6.2.2.3 Czech Republic 
Act of 2005 on the promotion of production of electricity from renewable energy 
sources has the following objectives listed under Section 1 of Part One. 
1. This Act regulate in accordance with the law of the European 
Communities, the manner of promoting the production of electricity from 
renewable energy sources and from mining gas from closed mines, the 
performance of state administration, and the rights and duties of natural 
and legal persons connected therewith. 
2. The objective of this Act is, in the interest of protection of the climate and 
protection of the environment, to 
a. promote the use of renewable energy sources (hereinafter referred 
to as "renewable sources"); 
b. provide for a constant increase in the contribution of renewable 
sources to consumption of primary energy sources; 
c. contribute to sound use of natural resources and sustainable 
development of society; 
d. create preconditions for fiilfillment of the indicative target for the 
contribution of electricity from renewable sources to the gross 
consumption of electricity in the Czech Republic equal 8% by 
2010 and create preconditions for further increase in this share 
after 2010. 
Carefiil reading of the law reveal that there are no specific provisions for captive 
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power generation using renewables for the industrial sector as indicated in the concerned 
laws of Germany and China. However, the laws are very conducive to extend the 
provisions, through suitable amendments, to captive power generation using renewable 
also. 
A very interesting provision worth noting here is that of "Administrative Ports" 
which provides for penalties for non-compliance. 
6.3 General recommendation and recommendation to the Government of India 
6.3.1 General recommendation 
The scientific forecast of the diesel based on the historical trends studied for the 
period 1994 to 2005 predicts that the price of diesel will escalate at a cumulative average 
rate of about 17% per annum. Barring force-majeure conditions, the price is expected to 
touch anything between Rs.203/ltr to Rs.206/ltr by year 2026 from the current levels of 
about Rs.40/ltr. 
Taking into consideration the escalation (rate) for the periods 2006 to 2026 the 
life cycle costs of the systems (captive power generation based on diesel and solar PV 
system) have shown very favorable tendencies to the fiiel switch over to 'solar energy' 
either at the current diesel prices or, during sensitivity analysis, with Rs.55/ltr of diesel. 
The exceptional cases which indicate certain deviations are of 860KVA size Generators 
used only for 2 hours duration per day. 
The general recommendations, therefore, are as follows: 
i. Firms like Ambuja Cements deploying diesel generators of 1000 KVA for 
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about 24 hours / day in the cement sector should switch over to solar 
photovoltaics. The global investigation indicate that solar PV stand alone 
systems have been installed up to 10 MW capacity establishing the 
technical feasibility of such systems. Please refer Annexure XXXIX in 
this connection. 
ii. Firms like Bi-metal bearing, Salzer Electronics etc in the engineering 
segment indicate extremely favorable results for the switch over. It is 
worth observing here that the generator size range from 160KVA to 
625KVA, but the duty is about 3 hours and above. Thus, the engineering 
sector with heavy duty on diesel generator for captive power generation 
should swdtch over to solar energy without any loss of time. 
iii. Smaller capacity generators of the capacity of 11OKVA or so with even an 
average duty of 2 hours/day in the Minerals and Metals fall in the most 
beneficial range of'switch over'. 
6.3.2 Recommendation to the Government of India 
Before proceeding to my recommendation to Government of India based on the 
present study, I would like to bring in certain relevant portions of the Recommendation 
made by Planning Commission in their "Draft Report of the Expert Committee on 
Integrated Energy Policy" to set the frame work. 
Relevant Provisions are reproduced below from the "•Policy for Renewable and 
Non-Conventional Energy Sources" of the "Draft Report of the Expert Committee on 
Integrated Energy Policy". 
• The actual share of modem renewable (other than bio-mass) in India energy mix 
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is significantly lower (about 2% of the total). 
Adverse local environment impacts (Sox, NOx, SPM) and global environmental 
impact (green house gas emission mainly due to carbon-dioxide) associated with 
fossil fuel use have resulted in an increased emphasis on renewables. 
As the country is short of energy resources the need to develop all energy 
resources including the renewable options is paramount. Often development 
efforts have been sub-critical and subsidy driven growth did not provide incentive 
for technical improvement or cost reduction. 
o Renewable energy may need special policies to encourage them. This 
should be done for a well-defined limit and should be done in a way that 
encourages outcomes and not outlays. 
a. Power Regulators must seek alternative incentive structures that 
encourage utilities to integrate wind, small hydro, cogenerations 
etc. into their systems. All incentives must be linked to energy 
generated as opposed to capacity created. 
b. Respective power regulators should mandate feed-in laws for 
renewable energy, where appropriate as provided under the 
Electricity Act, as are mandated in many countries. (International 
Feed-in Tariff given in Annexure XXXXI). 
o Price subsidy for renewables may be justified on several grounds. A 
renewable energy source may be environmentally benign. It may be 
locally available making it possible to supply energy earlier than where a 
centralized system can do. 
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o The environmental subsidy for renewables should be financed by access 
on non-renewables and fuels causing environmental damage. 
o Price subsidy should be linked to outcomes. Regulatory Commissions 
(RC"s) should provide feed-in laws to permit renewables to supply 
electricity to the grid. RC's should ensure that the renewables are given a 
tariff equal to the avoided cost of generation. 
o Supply companies / entrepreneurs should be free to set up micro-grids and 
recover revenues from customers. This is already provided for in the 
Electricity Act. Each state should clearly define guidelines to facilitate 
this. 
o Financial institutions should be encouraged to set up Venture Capital 
Funds for energy entrepreneurs. 
Specifically on Solar Photovoltaics 
• Even though the ultimate potential is very large, incentive to commercialize and 
lower the cost may be provided through a higher feed-in tariff, again for the first 
5000 MW of installed capacity. 
Taking cognizance of the aforementioned framework, my recommendation to 
Government of India, based on the study, is furnished below 
o The study reveal that the life cycle cost of solar based electricity is lower 
than the diesel generators based electricity for captive power generation 
for the following sectors such as: 
a. Minerals and Metals (Amtek Casting) 
b. Cements (Ambuja Cement) 
c. Engineering (Bi-Metal bearing, Salzer Electronics) 
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o Further, the sensitivity analysis reveal that the solar based electricity 
becomes competitive once the diesel price becomes Rs.55/ltr (the landed 
cost at firm will become Rs.55/ltr in year 2008) for the following sectors 
a. Minerals and Metals (Anugraha) 
b. Textiles (Eastern Spinwell) 
1. The first recommendation, therefore, is that the Renewable Policy of the 
Government should also take into consideration industrial segments like 
Minerals and Metals, Cement, Textiles etc. in addition to Rural Electrification and 
Domestic Lighting Systems which are only addressed in the Draft Planning 
Commission document. 
2. The second recommendation evolves from the first and that is: 
o To create an enabling environment to divert to solar energy, alternative 
incentive structures (which is based on outcome and not outlays as 
recommended by Planning Commission) should be devised for use of 
solar energy in the industrial segments for captive power generation 
Although, the LCC comparison brings out clearly solar electricity as a viable 
substitute, to overcome the initial barrier a suitable subsidy should be given to 
the electricity produced by Solar Photovoltaic Power Plant (instead of diesel) 
initially for sectors like Minerals and Metals, Cements and Engineering to 
mitigate the 'load' on the higher initial investment. This could be for a 
prescribed period, say 10 years. The price subsidy could be justified from the 
facts that: 
i. As shown in extrapolation (Chapter 6.2.1) the foreign exchange 
savings will be to the tune of 0.8 billion US dollars 
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substituting even 50% of the diesel power plants in the sectors 
of Mineral and Metals, Cement and Engineering, 
ii. From the point of view of environment the CO2 saving 
potential will be to the order of 30 million tonnes during the 
life of the Solar PV array of 20 years, even if 50% of these 
sectors are addressed to. 
3. The third recommendation is that these industrial segments, that make use of solar 
electricity should be permitted to sell the excess electricity, if any, to third parties 
including feed-in to the gird as provided for under the "Electricity Act". 
Necessary feed-in laws should be put in place taking cognizance of the 
international feed-in-laws. 
4. The fourth recommendation is that due to the impact (positive) of introducing 
solar energy into these sectors, the subsidy to these sectors as recommended under 
para (1) above, should be financed by access in non-renewables and fiiels causing 
environmental damage. 
5. The fifth recommendation is that the facility proposed to be given to energy 
entrepreneurs through Venture Capital Funds by Financial Institutions to be 
extended to the industrial sectors of Minerals and Metals, Cement and 
Engineering who substitute their diesel power plants by Solar Photovoltaic Power 
Plants. 
6. The sixth recommendation is that the incentives proposed under para as 
mentioned above, should be provided for the first 50U0 MW of installations under 
the category of Industrial sector. 
7. The seventh recommendation is that, if this study is accepted, it should be made 
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mandatory (by suitable laws) for the firms working in Industrial sector of 
Minerals and Metals, Cement and Engineering (110 KVA to 1000 KVA Diesel 
power plants using an average of 2 hr /day) to switch over from diesel generator 
to appropriate Solar Photovoltaic Power Plant. 
8. A new system of "Green Labeling" to be introduced by which the "Products" 
manufactured by firms (with more than 50% of Captive power generation from 
renewables) to be given Green Labels which could command higher premium in 
the market. 
6.4 Conclusion 
6.4.1 At firm's level 
6.4.1.1 At the strategic Management Level 
Electricity is one of the major inputs to any manufacturing organization. As 
observed in the study it varies between 2 to 10% of the cost of the product. Consequently, 
it is one of the strategic areas of attention of the senior management. 
With the deterioration in the gap of demand and supply of electricity supplied by 
the Utility companies the captive power generation has been growing in the county at a 
rapid pace. As brought out in the study, it has become extremely important that suitable 
substitutes are developed for diesel based captive power generation from the point of 
view of energy security, foreign exchange saving and concern for environment. 
Therefore, decision making on the right choice of captive power generation is no more in 
the technical domain but it is in the strategic domain of senior management. The study is 
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a model to help the top management take decisions on the •Captive Power Plant' taking 
into consideration technology and finance at the firm's level and foreign exchange and 
energy security aspects as a part of the corporate's concern for the nation. As the choice 
has an impact on climate change, it falls under the corporate social responsibility as well. 
With the emerging trends in Certified Emission Reduction (CERs) trading, as a 
part of the CDM mechanism under Kyoto Protocol, the avoidable carbon emission using 
renewable energy also adds to the cash inflow streams and profitibility. Although, the 
carbon is traded presently around US $5 to US $10 per tonnes, once the US ratifies the 
'protocol' it is expected to raise to about US $25 / tonnes maximizing the bottom line. 
This study helps as a model for strategic decision makers in choosing the right 
kind of energy-mix just as the fionding pattern or selection of plant and machinery. 
6.4.1.2 At the Marketing Mangers level 
The model is an effective tool for marketing of renewable energy products using 
quantitative techniques. The model also is a tool to be used for Marketing concepts under 
similar situations. It provides the necessary backbone for switching over to professional 
marketing of energy products / services from ad-hoc marketing. 
The Energy Conservation Act, 2001 and the Electricity Act, 2003 are laws 
enacted by the parliament to bring the energy as a focus area at the strategic (top) 
management level. The government has enacted Electricity Act, 2003, which seeks to 
bring about a qualitative transformation of the electricity sector. Government of India has 
enacted the Energy Conservation Act, 2001 with background of high energy saving 
potential and its benefits bridging the gap between demand and supply, reducing 
environmental emission through energy saving and application of renewable energy. 
These laws have now become to the top management as sacrosanct as the 
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Companies Law, Industrial Disputes Act etc. The present study is an enabling tool for 
compliance of provision under the two Acts mentioned above. 
6.4.2 At the Planning Commission and appropriate Ministerial levels of Government of 
India 
Electricity is one of the most vital infrastructure inputs for the economic 
development of a country. The model brought out through this study will enhance the 
decision making capabilities of the offices mentioned above in deciding the policies on 
captive power generation, energy-mix, foreign exchange conservation, foreign trade 
regulation etc. because of the potential of renewable energy (locally available like solar, 
wind, hydro etc.) to address issues connected with energy security, foreign exchange 
conservation, climate change etc. Planning Commission officials will be able to make use 
of the management and analysis model brought out in this study to formulate suitable 
recommendation to be incorporated in the future five-year plans commencing from 11th 
Five Year Plan (2007-2012) and the respective ministries like MNES, Ministry of Heavy 
Industries and Finance Ministry to analyze the implication on Short-Medium-Long term 
perspectives. Evolution of policy recommendations from Planning Commission will help 
in bringing in appropriate political decisions by the Government of India. 
Thus, the model developed through this study helps strategic management and 
marketing management processes at a firm's level and for policy recommendations at the 
Planning Commission and Governmental levels. 
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6.5 Limitations 
The inference of this thesis may be viewed against the following limitation 
i. The segments of Minerals and Metals, Textiles, Chemicals, Cement and 
Engineering have been chosen based on the structvired study carried out by 
Power Line Research and brought out in their publication based on 1999 
data, in the absence of a similar study that could be located by me. The 
situation of the Captive Power Generation could be different. The study 
has covered the segments which constitute 71% of captive power 
generation based on diesel. 71% is taken to ensure that substantial portion 
of the industry should be covered and not due to any empirical finding, 
ii. The final choice of sample firms taken up for study has been more through 
contacts and not by any empirical sampling techniques. Therefore, further 
study may be required to ensure whether the inference for each of the 
segment could hold good for the entire 'universe'. 
It can be seen that the selected firms fall within the range of 0.7% to 10%. 
This is not because of any empirical guidance but due to the sheer fact that 
only these firms could be persuaded through contacts to share information 
out of the 50 odd firms selected, 
iii. Certain assumptions have been made based on the current situation on the 
Life Cycle Cost comparison studies. These are: 
a. Inflation rate has been assumed to be 6% (E2). This has been taken 
from tlie figures quoted in the press time to time. 
b. Discount rate has been assumed to be 13% (E4). This has been 
taken after discussion with some of the nationalized banks and also 
as evolved during the discussions with the firms. 
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6.6 Direction of fiature research 
At the outset, the direction of future research evolves from the limitation indicated 
above. First and foremost any fiirther study should take into consideration the necessity 
of increasing the sample size based on statistical sampling techniques. 
In addition the following factors need to be given attention: 
i. The database reference of Captive Power Generation should be from any 
such survey of recent origin. If no such document of recent origin (than 
the 1999 Power Lice Research) is available then such survey should 
become a part of the data collection. Primary data may be needed, 
ii. The present study has considered the state-of-the-art technology of 
crystalline solar PV modules. Future study could take into consideration of 
other emerging technologies described in the thesis, based on the stage of 
development of such technologies, 
iii. This study has brought out a comparison of Stand-alone DG Power Plants. 
Studies could be taken up on comparison of Stand-alone DG Systems 
with Solar PV-DG Hybrid System where the investments would be far 
less. This could throw up results much more in favor of solar energy, 
iv. The present study has taken Lead-acid battery as the Storage medium for 
the Solar PV Systems since other technologies like fuel-cell, etc. has not 
been anywhere near commercial maturity. 
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Reference (Chapter - 6) 
Not Applicable 
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Fuel Consumption - Manufacturers Recommendation Annexure: II 
KVA Engine Model Maximum 
Current (amps) 
Fuel 
Consumption 
(Itr/hr) 
15 
20 
25 
30 
35 
40 
45 
50 
55 
62.5 
12 
16 
20 
24 
28 
32 
36 
40 
44 
50 
HA294 
HA394 
HA394 
HA494 
HA494 
HA494TC 
HA494YC 
HA694 
HA694 
HA694TCI 
19 
32 
32 
43 
43 
56 
56 
65 
65 
83 
20.8 
27.7 
34.6 
41.6 
48.5 
55.4 
62.4 
69.3 
76.2 
86.6 
3.0 
4.0 
5.0 
5.5 
6.5 
7.5 
8.5 
9.0 
10.0 
11.0 
15 
20 
25 
30 
35 
40 
45 
50 
62.5 
70 
75 
82.5 
100 
125 
140 
160 
180 
200 
250 
275 
400 
500 
600 
12 
16 
20 
24 
28 
32 
36 
40 
50 
56 
60 
66 
80 
100 
112 
128 
144 
160 
200 
220 
320 
400 
480 
RV2PG 
RV3PG 
3R1040 
3R1040 
3R1040 
4R1040 
4R1040 
4R1190 
4R1040T 
4R1040T 
4R1040TA 
4R1040TA 
6R1080T 
6R1080TA 
6SL9088TAI 
6SL9088TA 
6SL1500TAI 
6SL1500TA 
6SL8800TA 
6K12TA 
8K15TA 
10K18TA 
12K22TA 
18.7 
28 
42 
42 
42 
56 
56 
62 
83 
83 
105 
105 
127 
156 
166 
198 
235 
254 
309 
328 
494 
602 
723 
20.8 
27.7 
34.6 
41.6 
48.5 
55.4 
62.4 
69.3 
86.6 
97.0 
103.9 ^ 
114.3 
138.9 
173.2 
194.0 
221.7 
249.4 
277.1 
346.4 
381.0 
554.2 
692.8 
831.4 
3.0 
4.0 
4.0 
5.3 
6.2 
7.0 
8.0 
9.0 
11.5 
12.0 
13.0 
14.0 
17.0 
20.3 
23.5 
26 
30 
33 
38.5 
45.5 
65.1 
81.3 
97.6 
Fuel consumption at 75% loading with +5% tolerance. Most generator wortc at such loads 
only. 
Combination of engine / alternator to suit load conditions or as per market ratings. 
Engine power rating is at NTP conditions in accordance with IS 10002 / BS5514 
Electrical power outputs are in accordance with BS5000 / IS4722 for 415V, 3 phase, 3 wire, 
0.8 Power factor (lag) and 50 Hz frequency. 12.5 to 30 KVA DG sets can be offered with 
single phase, 240V AC Generators. 
DG sets upto 125KVA rating are with 12V DC Electric starting system. 140KVA and above 
have 24V DC system. 
Suffix " P ' in the Model designation denotes Turbocharging Suffix 'TA' indicates 
Turbocharging with after-cooling of charge air. 
 
 
 
 
 
  
 
 
 
List of Major Engine and Alternator Manufacturers Annexure: III 
1. Alternators: 
1.1 Kirloskar Electric Company, Bangalore 
1.2 New Age India, Ahmednagar 
1.3 Crompton Greaves, Ahmednagar 
1.4 Kerala Electricals, Kasargode 
2. Engine: 
2.1 Cummins Power Generation, Pune 
2.2 Kirloskar Oil Engine, Pune 
2.3 Wartsila, Mumbai 
2.4 BEML, Mysore 
2.5 Mahindra Engine, Mumbai 
2.6 Caterpillar, Pune 
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List of Experts with whom the discussion was held Annexure: V 
12 
13 
14 
15 
Dr. K. S. Srinivas, 
Ex. G.M., BHEL, 
Bangalore. 
Mr. S. R. C. Satyanarayana, 
Consultant, Solar PV, 
Bangalore. 
Mr. Ramesh, 
Executive, Tata HP Solar India Ltd.. 
Bangalore 
Mr. Lokabhiratnan, 
Executive BHEL, 
Bangalore 
Mr. Prabhakara. B. R., 
Ex. Secretary (MNES), 
Bangalore. 
Dr. Gururaja, 
Ex. Employee, U.N. (Ex. Advisor, MNES) 
Bangalore 
Mr. S. P. Gon Choudhary, 
Spl. Secretary, Energy, Govt, of West Bengal, 
Kolkata. 
Prof. Saha (Expert: Solar PV), 
Jadavpur University, 
Kolkata 
Prof. Barua (Expert: Amorphous Silicon), 
Jadavpur University, 
Kolkata 
Dr. T. C. Tripatti, 
Advisor, MNES, 
New Delhi 
Dr. B. Bhargav, 
Director, MNES, 
New Delhi 
Ms. Akansha Chourey, 
Executive, TERI, 
New Delhi 
Dr. Suneel Deeambi, 
Consultant, SPV, 
New Delhi 
Mr. Madhusudan 
Director, Kirloskar Electric Co., 
Bangalore 
Dr. Kirit Parikh 
Member (Energy) Planning Commission, 
New Delhi 
16 Mr. A. K. Bhaumik, 
Advisor, EXIDE Industries Ltd. 
Kolkata 
17 Mr. Ramesh Kumar, 
Kamataka Renewable Energy Development 
Council, Bangalore 
18 Mr. K. Udaikumar 
M. D., Udhaya Energy Services, 
Coimbatore 
19 Mr. Udayan Mukharjee 
M.D. Caldyne Automobiles Ltd. 
Kolkata 
20 Mr. Subramanya, 
Executive, Kirloskar Electric, 
Bangalore 
21 Mr. Abbas Ali, 
Dubas Engineering Pvt. Ltd. 
Bangalore 
22 Mr. Udaikumar, 
VP Ericsson, 
Bangalore 
23 Mr. Sreedhar, 
Bi-metal Engineering, 
Bangalore 
24 Mr. Vijayakumar, 
Chief (Maint.) BioCon, 
Bangalore 
25 Mr. Rama Subbu, 
Anugraha Valves, 
Coimbatore 
26 Mr. K. Guruswamy Raja, 
GM, Eastern Spin well 
Coimbatore 
27 Mr. Sundararajan, 
MD, Amtek Casting Ltd. 
Coimbatore 
28 Mr. Mahendru, 
Asst. works Manager, Salzer Electronics, 
Coimbatore 
29 Mr. Gangopadhyaya 
E.xecutive, Ambuja Cements, 
Kolkata 
30 Mr. K. D. Sadani 
Chief, Maintenance, Hindustan Glass, 
Kolkata 
31. Mr.O.P.Rai 
Electrical Engineer, Jayshree Textiles, 
Kolkata 
 
 
 
 
 
  
 
 
 
MINISTRY OF HNVIRONMENT AND FORESTS 
The Gazette of India 
Part II, Section 3, Sub-section (I) 
No. 318 
New Delhi, Thursday, July 11, 2002 
Annexure VI 
MINISTRY OF ENVIRONMENT AND FORESTS 
NOTIFICATION 
New Delhi, the 9th July, 2002 
G.S.R. 489(E): In exercise of the powers conferred by sections 6 and 25 of the Environment (Protection), 
Act, 1986 (29 of 1986), the Central Government hereby makes the following rules further to amend the 
Environment (Protection) Rules, 1986, namely :-
1 (1) These rules may be called the Environment (Protection) Third 
Amendment Rules, 2002. 
(2) They shall come into force on the date of their publication in the Official 
Gazette. 
2 In the Environment (Protection) Rules, 1986, in Schedule I, after serial 
number 95 relating to Emission Limits for New Diesel Engines (up to 800 
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MINISTRY OF ENVIRONMENT AND FORESTS 
KW) for Generator Sets (Gensets) Applications and the entries relating 
thereto, the following serial number and entries shall be inserted^ namely 
"96. EMISSION STANDARDS FOR DIESEL ENGINES (ENGINE RATING 
MORE THAN 0.8 MW (800 KW) FOR POWER PLANT, 
GENERATOR SET APPLICATIONS AND OTHER REQUIREMENTS 
TABLE 
Parameter 
Nox (as N02) (AT 15% 02), 
dry basis, in ppmv 
NMHC (as C) (at 15% Oj), 
mg/Nm^ 
PM (at 15% 
O2), mg/Nm3 
Diesel 
Fuels -
HSD& 
LDO 
Area 
Category 
A 
B 
A 
B 
Both A 
and B 
Both A 
andB 
Total engine 
rating of the 
plant (includes 
existing as 
well as new 
generator sets) 
Upto 75MW 
Upto 150MW 
More than 
75MW 
More than 
150MW 
Gerator sets commissioning date 
Before 
1/7/2003 
1100 
1100 
150 
75 
Between 
1/7/2003 
and 
1/7/2005 
970 
710 
On or 
after 
1/7/2005 
710 
360 
100 
75 
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MINISTRY OK KNVIRONMENT AND FORESTS 
Furnace 
Oils-
LSHS«& 
FO 
CO (at 15%02),mg/Nm3 
Sulphur content in fuel 
Fuel specification 
Stack height (for generator 
sets commissioned after 
1/7/2003) 
Both A 
andB 
Both A 
andB 
A 
B 
For A 
only 
Up to 5MW 
150 
150 
3 of 7 
100 
150 
<2% 
<4% 
Only Diesel Fuels (HSD, LDO) 
shall be used. 
Stack height shall be maximum of the following, in meter: 
i. 14 Q 0-3^  Q = Total SO2 emission from the plant in kg/hr 
ii. Minimum 6 m above the building where generator set is 
installed. 
(iii) 30 m. 
Note: 
1. Acronyms used: 
MW: Mega (106) Watt 
FO : Furnace Oil 
NOx : Oxides of Nitrogen 
HSD : High Speed Diesel 
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MINISTRY OF ENVIRONMENT AND FORISTS 
NO2 : Nitrogen Dioxide 
LDO : Light Diesel Oil 
O2 : Oxygen 
LSHS : Low Sulphur Heavy Stock 
NMHC : Non- Methane Hydrocarbon 
kPa : Kilo Pascal 
C : Carbon 
mm : Milli (10'^) metre 
PM : Particulate Matter 
kg/hr : Kilo (10^) gram per hour 
CO : Carbon Monoxide 
mg/Nm^ : Milli (10" )^ gram per 
SO2 : Sulphur Dioxide Normal metre cubic 
ppmv : part per million (10^) by volume 
2. Area categories A and B are defined as follows: 
4 of 7 
Category A: Areas within the municipal limits of towns/ 
cities having population more than 10 lakhs and also 
upto 5 kin beyond the municipal limits of such towns/ 
cities. 
Category B: Areas not covered by category A. 
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MINISTRY OK KNVIRONMENT AND FORESTS 
5 of 7 
3. The standards shall be regulated by the State Pollution Control Boards or Pollution 
Control Committees, as the case may be. 
4. Individual units with engine ratings less than or equal to 800 KW are not covered by this 
notification. 
5. Only following liquid fuels viz. High Speed Diesel, Light Diesel Oil, Low Sulphur 
Heavy Stock and Furnace Oil or liquid fuels with equivalent specifications shall be used in 
these power plants and generator sets. 
6. For expansion project, stack height of new generator sets shall be as per total Sulphur 
Dioxide emission (including existing as well as additional load). 
7. For multi engine plants, fuels shall be grouped in cluster to get better plume rise and 
dispersion. Provision for any future expansion should be made in planning stage itself. 
8. Particulate Matter, Non-Methane Hydrocarbon and percent moisture (dry basis). Carbon 
Monoxide results -are to be normalized to 25^C, 1.01 Kilo Pascal (760 mm of mercury) 
pressure and zero 
9. Measurement shall be performed at steady load conditions of more than 85% of the rated 
load. 
10. Continuous monitoring of Oxides of Nitrogen shall be done by the plants whose total 
engine capacity is more than 50 Mega Waft. However, minunum once in six month 
file:///C|/WINDOWS/Desktop/MINlSTRY%200P/o20ENVIRONMENT%20AND%20FORESTS.htjn (5 of 7)8/5/04 11:00:45 AM 
 
 
 
 
 
  
 
 
 
MINISTRY OF ENVIRONMENT AND KORhSTS 
monitoring for other parameters shall be adopted by the plants. 6 of 7 
11. Following methods may be adopted for the measurement of emission parameters,-
Sl.No. 
1. 
2. 
3. 
4. 
5. 
6. 
i 
J : 
Emission Parameters 
Particulates 
SO2 
NOx 
CO 
O2 
NMHC 
Measurement Methods 
Gravimetric 
Barium Perchlorate- Thorin indicator method 
Chemilimiinescence, Non Dispersive Infra Red, Non 
Dispersive Ultra-violet (for continuous measurement),Phenol 
disulphonic method 
Non Dispersive Infra Red 
Paramagnetic, Electrochemical sensor 
Gas Chromatograph - Flame lonisation Detector 
Note :- The principal rules were published in the Gazette of India vide number S.O. 844(E) 1 9^ 
November, 1986 and subsequently amended vide S.O. 433(E) dated 18* April, 1987, S.O. 64(E) dated 
18* January, 1988, S.0.3(E) dated 3^ ^ January, 1989,S.O. 190(E) dated 15* March, 1989, G.S.R. 913(E) 
the 24* October, 1989, S.O." 12(E) dated the 8* January, 1990, G.S.R. 742(E) dated the 30* August, 
1990, S.O. 23(E) dated the 16* January, 1991, G.S.R. 93(E) dated the 2ist February, 1991, G.S.R. 95(E) 
dated the 12* February, 1992, G.S.R. 329(E) dated the 13* March, 1992, G.S.R. 475(E) dated the 5* 
May, 1992, G.S.R. 797(E) dated the pt October, 1992, G.S.R. 386(E) dated the 28* April, 1993, G.S.R. 
422(E) dated the 19* May, 1993, G.S.R. 801(E) dated the 31^* December, 1993, G.S.R. 176(E) dated the 
3'-d April, 1996, G.S.R. 631(E) dated the 3lst October, 1997, G.S.R. 504(E) dated the 20* August, 1998, 
Q.S.R. 7(E) dated the 25* September, 2000, G.S.R. 72(E) dated 6* February, 2001, G.S.R. 54(E) dated 
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22.1.2002 andG.S.R.No. 371(E) dated 17.5.2002. ^ ^ _^, 
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Segment; Minerals and Metals - Cost Analysis (DG) 
Firms: Anugraha Valves 
A5 
A6b 
A7a 
A7b 
A7 
TECHNICAL ASSIMPTIONS: 
Capacity of the generatot 
Fuel Consumption hour at 70% load 
Daily getierator run time (at>70 % load) 
Daily generator run time (at 70 % load) 
Total generator run time 
A8_ 
AlO^ 
A l l 
Initial cost of generator, accessories and electrical infrastructure 
IPowerl^ctor for the generator (decimal) 
A12 
A13a 
A13b 
Generator efficiency (decimal) 
Peak Power for the generator (decimal) J 
Expected Yearly maintenance cost of generator 
Life of the generator in years (working a t ^ 10 hrs./day) 
(A5*A9*A10) 
Life of the generator in under present_working conditions (AOa * 10/2 
El 
E2 
ECONOMIC CONDITIONS FOR ANALYSIS 
Desired System Life 
E3 
Inflation Rate (decimal) 
Fuel Escalation Rate (decimal) 
E4 Discount Rate (decimal) 
E5 Real Discount Rate (E4-E2)J^ 
E6 Current Fuel cost (including transporation, storage etc.) 
E7 Number of working days in a year^ 
Fl 
F2 
F3 
F4 
PRESENT WORTH ANALYSIS FOR GENERATOR 
Rated Generator Output 
Cost per Kilo Watt for GeneratorJnstalled 
Initial Cost For Generator (A8) 
F5a 
F5b 
F5 
F6 
Expected Generator Life in hours (A 13a*E7* 10) 
Average Yearly Generator run- time (at>70 % of load) 
Average Yearly Generator run- time (at 70 % of load) 
Average Yearly Generator run- time (Total F5a + F5b)_ 
F9 
FIG 
F l l 
F12 
FI3 
FI4 
F15 
Expected Generator Life in Years at present working (A 13b) 
F7 ' ' 
Replacement Year* 50 
Initial Installation 
(F6) 
Present Worth 
(fi) 
(mi+Esf) 
Present Worth^oJ" Generator alone (Summation of F8) 
Expected Yearly maintenance cost for generator (A12) 
Present Worth of annual maintenance over system life, El 
FlOx ( 
( (1+E5) ' ' -1 ) 
(E5x( l +E5)'^' ) ) 
Estimated generator fuel consumption at > 70 of load, A6a 
Estimated generator fuel consumption at at 70% of load, A6b 
Annual generator fuel consumption JF5b x A7b x F132 
Present worth of fuel over system life 
F16 
F17 
F18 
1 +E3 
F14xE6 
(\-- ^' \ ( I r' 
x y i E4-E3 / X V \\-\ 
Present worth of gejierator (F9+FII+F15) 
1+E3 
1+E4 t) 
Generator energy production over desired system life (F1*A7*F5*E1) 
Present value of generation (FI6/ FI7) 
derived through statistical analysis 
Annexure: \ V I 
500 kVA 
85 Ur/hr 
" " o' 
2 
2 
300l)000 
0.8' 
" 0.8" 
320 kW 
370000' 
]o 
5o! 
20,yrs 
0 06^ 
0.17" 
0.13" 
0.07 
48 Rs/ltr 
loo 
320 
9375 
3000000 
30000 
0 
300 days 
300 days 
50'yrs 
3000000' 
0 
3000000! 
370000' 
.- - — , 
1 
0^  
85'ltr/hr 
51000| 
788930411 
3840000' 
20.5 
3.919,785.27 
-
71,973,256.05 
- -
*Note: Do not calculate for replacement years greater than or equal to the system life. El 
 
 
 
 
 
  
 
 
 
Segment: Minerajs and Metals - Cost Analysis (DG) 
Firm: Amtek Casting 
A. ITECHNICAL ASSUMPTIONS; 
A5 ;Capacit)^ofthejenerator 
A6b 
A7a 
Fuel Consumption / hour at 70% load 
A7b 
Daily generator run time (at>70 % load) 
Daily generatorrun time (at 70 % load) 
A7 
A8 
A9 
AlO 
Totai generator run tjme ^ , 
TnitJalcost of generator, accessories and electrical infrastructure 
Power factor for the generator (decimal) 
iGenerator ejficiency (decimal) 
ATl jPeak Power for the generator (decimal) 
A12 Expected^Vearlyjnaintenance cost of generator 
A13a 
(A5*A9*A10) 
A13b 
Life of thejeneratorjn years (vvorkJngjt^lOJirsJda^ 
Lifc^of the generator in under present working conditions (A 13a MO/2) 
El 
ECONOMIC CONDITIONS FOR ANALYSIS 
Desired System Life 
E2 Inflationj.atgjdec[inal) 
E3 Fuel Escalation Rate^(decimal) 
^ 4 IDiscounTRlte (decimai) 
E5 Real Discount Rate (E4-E2) 
E6 Current FueTcost (including transporation, storage etc.) 
E7 Number^f working days in a year 
F3 
F4 
F5a 
F5b 
F5 
PRESENT WORTH ANALYSIS FOR GENERATOR 
Rated Generator Output 
CostpeiJCiloJA/att for Generator Installed 
Initial Cost For Generator (A8) 
Expected Generator Life in hours (A13a*E7*10) 
Average Yearly Generator run- time (at>70 % of load) 
Average Yearly Generator run- time (at 70 % of load) 
Average Yearly Generator run- time (Total F5a + F5b) 
F6 
F9 
FIG 
FlI 
Expected Generator Life in Years at present working (A 13b) 
F7 
ReplacemernTVear*^ 50 
Initial Installation 
(F6) 
F8 
Present Worth 
(O) 
(D/d+ES)'") 
Present Worth of Generator alone (Summation of F8) 
Expected Yearly maintenance cost for generator (A 12) 
Present Worth of annual maintenance over system life, E1 
FlOx ( 
( ( I+E5) El 
(E5x( l +E5) 
F12 
F12 
F14 
Estimated generator fuel consumption^t > 70 of load, A6a 
Estimated generator fuel consumption at at 70% of load, A6b 
Annual generator fuel consumption (F'5b x A7b x F13) 
F15 
F16 
F17 
F18 
Present worth of fud_oycj^systeiri_lj_te^ 
I +E3 
F I 4 x E 6 x V E4-E3 / X V 
Present worth of generator (F9+Fn+F15) 
1- V 1+ E4 I / / 
Generator energy production over desired system life (F1 * AT* F5* E1) 
Present value of generation (F16/ F17) 
derived through statistical analysis 
Annexure- W M 
110|kVA 
22 ihr /hr 
" 0' 
700000' 
0.8' 
0 . 8 ^ 
70.4 "kW 
65000^ 
10 " 
50 
20^y2s 
0.06, 
0A7j 
0.13] 
'o;07| I 
5q^Rs/ltr 
300; 
70.4^ 
9943 . i 8 | 
700000! 
30000t 
22 Itnhr 
L3200'" 
3()0[days 
300 [days 
50:yrs 
700000^^ 
0, 
70000^1 
65000;' 
688.610.93 
19,404,554.33 
20793J65 
844800; 
24.6i 
*Note: Do not calculate for replacement years greater than or equal to the system life. El 
 
 
 
 
 
  
 
 
 
Segment : Textiles - Cost Analysis (DG) 
Firm: Jayshree Textiles " -^ 
i J A. TECHNICAL ASSUMPTIONS. 
A5 ( 
A6b ] 
A7a ] 
A7b 
A7 ' 
A8 
A9 
AlO J 
AU 
A12 
A 13a 
A13b 
E " 1 
El 
E2 
E3 
E4 
E5 
E6 
E7 
F 
Fl 
F2 
F3 
F4 
F5a 
F5b 
F5 
F6 
F9 
FIO 
FIl 
F12 
F13 
F14 
F15 
- - - -
Zlapacity of the generator 
Fuel Consumption / hour at 70% load 
Daily generator run time (at>70 % load) 
Daily generator run time (at70 % load) 
lotal generator run time 
— - 1 
i 
Initial cost of generator, accessories and electrical infrastucture ^ 
Power factor for the generator (decimal) 1 
Generator efficiency (decimal) 
Peak Power for the generator (decimal) 
Expected Yearly maintenance cost of generator 
Life of the generator in years (working at {ci} 10 hrs./day) 
Life of the generator in under 
ECONOMIC CONDITIONS 
\ 1 
Desired System Life 
Inflation Rate (decimal) 
present working c( 
FOR ANALYSIS 
Fuel Escalation Rate (decimal) 
Discount Rate (decimal) 
Real Discount Rate (E4-E2) 
(AS*A9*A10) ] 
i 
3nditions(A13a*10/2) 
\ 
Current Fuel cost (including transporation, storage etc.) 
Number of working days in a year ; 
PRESENT WORTH ANALYSIS FOR GENER-
Rated Generator Output | 
Cost per Kilo Watt for Generator Installed 
Initial Cost For Generator (A8) 
•VTOR 
. 
! 
Expected Generator Life in hours (A 13a* E7* 10) i 
Average Yearly Generator run- time (at>70 % o 
Average Yearly Generator run- time (at 70 % of 
fload) 
"load) 
Average Yearly Generator run- time (Total F5a + FSb) 
Expected Generator Life in Years at present wo 
F7 1 
Replacement Year* 
Initial Installation 
(F6) 
rking (A 13b) 
F8 
50 Present Worth 
Present Worth of Generator alone (Summation 
(f3/(l + 
DfF8) 
Expected Yearly maintenance cost for generator (A 12) 
E5)^') 
1 
Present Worth of annual maintenance over system life, El 
F lOx (^ 
( ( I + E 5 ) ' ' - l ) \ 
( E 5 x ( H - E 5 ) ' ^ ' ) / 
Estimated generator fiiel consumption at > 70 o 
Estimated generator fuel consumption at at 70°/ 
Annual generator fuel consumption (FSb x Al 
Present worth of fuel over syste:;i life 
F 1 4 x E 6 x ( 
1 + E 3 
E 4 - E 3 ) ^ ( '{ 
fload, A 
0 of load, 
0 x F n ^ 
' 1+E3 
I+E4 
F16 : Present worth of generator (F9+F11+F15) 
F17 
FI8 
Generator energy production over desired syste 
Present value of generation (Fl 6/ F17) 
i 
t 
derived through statistical analysis 
*Note: Do not c alculate for i •eplacement years ^ 
m life (F 
•realer th 
1 
1 
6a 
A6b 
1 
il') 
1 
1*A7*E7*E1) 
1 
an or equal to the 
Annexure: XVIII 
860 k\ A 
140 Itr hr 
0 
~i 
1 
4200000 
0 8 
0 8 [ _ 
550 4 k\V 
^ 500000 
10 
50 
20 yrs 
0.06 
0.17° 
0.13 
1 0.07 
50 R.s/ltr 
300 
550.4 
7630.81 
4200000 
30000 
0 
300 days 
300 days 
50 yrs 
4200000 
0 
4200000 
500000 
5.297.007.12 
1 0 
140 Itr/hr 
84000 
123.483.527.54 
132980535 
j 6604800 
20.1 
[~-
1 
system life, El 
 
 
 
 
 
  
 
 
 
Segment 
Firm: Ea 
Textiles - Cost Analysis (DC) 
stern Spinwell 
A. TECHNICAL ASSUMPTIONS: ; j 
^ 
A5 Capacity of the generator 
A6b Fuel Consumption / hour at 70% load 
A7a Daily generator run time (at>70 % load) ; 
A7b Daily generator run time (at70 % load) 
A 7 Total generator run time 
A8 Initial cost of generator, accessories and electrical infrastucture 
A9 Power factor for the generator (decimal) 
A10 Generator efficiency (decimal) i 
Al l 
A12 
A13a 
A 13b 
E 
El 
E2 
^eak Power for the generator (decimal) i(A5*A9*A10) ; 
Expected Yearly maintenance cost of generator | 
Lifeofthegener 
Life of the gener 
ator in years (working at @ 10 hrs./day) , 
ator in under present working conditions (A13a *10/2) 
', 
ECONOMIC CONDITIONS FOR ANALYSIS 
1 
1 
\ ; 
Desired System Life 
Inflation Rate (decimal) 
E3 Fuel Escalation Rate (decimal) 
E4 
E5 
Discount Rate (decimal) 
' 
j 
1 
Real Discount Rate (E4-E2) ' I ' 
E6 Current Fuel cost (including transporation, storage etc.) 
E7 Number of working days in a year 
F 
Fl 
1 \ ' 
PRESENT WORTH ANALYSIS FOR GENERATOR 
1 
Rated Generator Output 
F2 Cost per Kilo Watt for Generator Installed 
F3 Initial Cost For Generator (A8) 
F4 
F5a 
Expected Generator Life in hours (A 13a*E7* 10) 
Average Yearly 
F5b Average Yearly 
F5 1 Average Yearly 
F6 
F9 
Generator run- time (at>70 % of load) 
Generator run- time (at 70 % of load) 
Generator run- time (Total F5a + F5b) 
Expected Generator Life in Years at present working (A13b) 
F7 j , F8 
Replacement Year* 50 Present Worth 
Initial Installation i i (f3) 
(F6) 1 ' i(f3/(l+E5)'*) 
Present Worth of Generator alone (Summation of F8) 
F10 Expected Yearly maintenance cost for generator (A 12) 
F l l 
FI2 
F13 
FI4 
F15 
F16 
Present Worth of annual maintenance over system life, El 
F 1 0 x ( 
Estimated gener 
Estimated gener 
Annual generate 
Present worth o1 
F 1 4 x E 6 x ( 
Present worth oj 
F17 Generator energ 
FI8 Present value oi 
derived througl-
*Note: Do not c 
(d+ES)"^'-!) ! \ 
(E5x(l+E5)'^') J \ 
ator fuel consumption at > 70 of load, A6a 
ator fuel consumption at at 70% of load, A6b 
r fuel consumption (F5b x A7h x F13) 1 
"fuel over system life i 
1 + E 3 >^  ^ ^ : 1+E3 
E 4 - E 3 / X ^ 1 - ^ ; I + E 4 
F generator (F9+F11+F15) 
r) 
y production over desired system life (F1*A7*E7*EI) 
generation (F22/F23) | 
. .. , ^ . 
1 statistical analysis 
alculate for replacement years greater than or equal to the s 
Annex 
250' 
42 
o' 
2 
2 
\700000 
0.8 
0.8 
160 
250000 
10 
50 
20 
0.06 
0.17 
0.13 
0.07 
44 
300 
160 
10625.00 
1700000 
30000 
0 
300 
300 
50 
1700000 
0 
1700000 
250000 
0 
42 
25200 
, 36948155 
1920000 
19.2 
ystem life, E1 
ure: X l \ 
kVA 
itr/hr 
kW 
yrs 
Rs/ltr 
days 
days 
yrs 
2.648.503.56 
Itr/hr 
32.599.65 1,27 
 
 
 
 
 
  
 
 
 
Segment: Chemical - Cost Analysis (DG) 
Firm: Hindustan Glass 
A. 
A5 
A6b 
A7a 
A7b 
A7 
A8 
A9 
AlO 
All 
A12 
A13a 
A13b 
E 
El 
E2 
E3 
E4 
E5 
E6 
E7 
F 
Fl 
F2 
F3 
F4 
F5a 
F5b 
F5 
F6 
F9 
FIO 
Fll 
F12 
F13 
l i t 
F15 
F16 
F17 
F18 
TECHNICAL ASSUMPTIONS: 
Capacity of the generator 
Fuel Consumptio 
Daily generator r 
Daily generator r 
n / hour at 70% load 
un time (at>70 % load) 
un time (at70 % load) 
Total generator run time 
- — 
i 
• - T 
• 
1 
Initial cost of generator, accessories and electrical infrastructure [ 
Power factor for 
Generator efftcie 
Peak Power for t 
Expected Yearly 
Life of the gener 
the generator (decimal) 
ncy (decimal) ; 
ie generator (decimal) 
maintenance cost of gene 
ator in years (working at ( 
Life of the generator in under present work 
-^  
rator 
(A5*A9*Ai0) 
§ 10 hrsVday) 
.ing conditions (A 13a * 10/2) 
ECONOMIC CONDITIONS FOR ANALYSIS 
Desired System Life 
Inflation Rate (decimal) 
Fuel Escalation Rate (decimal) 
Discount Rate (decimal) 
Real Discount Rate (E4-E2) 
i 
i 
1 
Current Fuel cost (including transporation, storage etc.) 
Number of working days in a year 
i 
PRESENT WORTH ANALYSIS FOR GENERATOR 
Rated Generator Output 
Cost per Kilo Watt for Generator Installed 
Initial Cost For Generator (A8) 
Expected Generator Life in hours (A13a*E7*I0) 
Average Yearly Generator run- time (at>70 % of load) 
Average Yearly 
Average Yearly 
Generator run- time (at 70 % of load) 
Generator run- time (Total F5a + F5b) 
Expected Generator Life in Years at present working 
F7 
Replacement Year* 
Initial Installation 
(F6) 
50 
F8 
Present Worth 
(O) 
(D/(l+E5)") 
Present Worth of Generator alone (Summation of F8) 
Expected Yearly maintenance cost for generator (A 12) 
Present Worth of annual maintenance over system life. El 
FlOx (^  
((1+E5)^'-1) 
( E 5 x ( l + E 5 ) ^ ' ) ) 
= - ' = - • • - ^ = 
Estimated generator fuel consumption at > 70 of load, A6a 
Estimated generator fuel con 
Present worth o 
F14xE6x(^ 
Present worth oi 
Generator energ 
sumption at at 70% of load, A6b 
• ., ' f - . - i , . , , - , , , . 1^1 ^ ^ 
" fuel over system life 
1 +E3 
E4-E3 
'generator ( 
y productior 
' ) « ( 
F9+F1I+F15) 
. ( 
1+E3 xEI . 
1+E4 / ) 
1 over desired system life (F1 * A7*E7*E 1) 
Present value of generation (Fl 67 F] 7) 
derived through statistical ai nalysis 
•Note: Do not calculate for replacement years greater than or equal to the s) 
Annexure: 
860 kV A 
140 Itr/lir 
0 
2 
2 
4200000 
0.8 
0.8 
550.4 kW 
600000 
10 
" ' 50 
20 yrs 
0.06 i 
0.17* 
OAy 
0.07' 
45|Rs/ltr 
300[ 
1 
550.4 
7630.811 
4200000 
30000 
0 
300 days 
300 days 
50 yrs 
4200000 
0 
4200000! 
600000 
6, 
0 
140iltr/hr 
. 
1216^583 
! 6604800 
^ }8.4 
'Stem life, El 
111, 
XX 
"156.408.55 
135,174.79 
 
 
 
 
 
  
 
 
 
Segment: Chemical - Cost Analysis (DG) 
Firm: Bio-Con 
A. TECHNICAL ASSUMPTIONS: 
A5 
A6b 
A7a 
A7b 
A7 
A8 
A9 
AIO 
All 
A12 
AI3a 
A13b 
Capacity of the generator 
Fuel Consumption / hour at 70% load^ 
Annexure: XXI 
Daily generator run time (at>70 %Joad)^ 
Daily generator run time (at70 % load)_ 
Total generator run time 
Initial cost of generator, accessories and electrical infrastructure 
Power factor for the generator (decimal)^ 
Generator efficiency (decimal) 
! Peak Power for the generator (decimal) 
Expected Yearly maintenance cost of generator 
Life of the generator in years (working at (g 10 hrs./day) 
(A5*A9*AI0) 
Life ofthe generator in under present working conditions (A13a * 10/2) 
1250 kVA 
190 Itr/hr 
0 
2 
2 
oUUUUU 
0.8 
0.8 
800 kW 
800000 
10 
50 
E [ 
El 
1 • -
ECONOMIC CONDITIONS FOR ANALYSIS : 
1 
desired System Life 
E2 Inflation Rate (d< jcimal) 
E3 Fuel Escalation Rate (decimal) 
E4 Discount Rate (d ecimal) 
E5 I Real Discount Rate (E4-E2) 1 
' 
j 
E6 Current Fuel cost (including transporation, storage etc.) 
E7 Number of working days in a year 
F , 
' 
Fi ; 
PRESENT WOR 
i 
1 
I 
; 
TH ANALYSIS FOR GENERATOR 
Rated Generator Output 
F2 : Cost per Kilo Watt for Generator Installed 
F3 ! Initial Cost For Generator (A8) ' 
F4 Expected Generator Life in hours (A13a*E7*10) 
F 5 a 1 Average Yearly 
F5b 
F5 
F6 
F9 
FIO 
^TITI 
F12 
F13 
F14 
F15 
F 1 6 
F 1 7 
F18 
Generator run- time (at>70 % of load) 
Average Yearly Generator run- time (at 70 % of load) 
Average Yearly Generator run- time (Total F5a + F5b) 
Expected Generator Life in Years at present working 
F7 ' 
Replacement Year* 50 
Initial Installation 
^F6) T 
.. .. i 
F8 
Present Worth 
Ro) 
{f3/{nE5f) 
Present Worth of Generator alone (Summation of F8) 
Expected Yearly maintenance cost for generator (AI2) 
Present Worth of annual maintenance over system life. El 
FlOx (^  
((1+E5)^'-1) 
(E5x ( l + E 5 ) ^ ' ) 
Estimated generator fiiel consumption at > 
Estimated generator fuel consumption at a 
1) 
_ _ 
70 of load, A6a 
t70%of load ,A6b 
Annual generator fuel consumption (F5b x A7b x F13) 
Present worth o. 
F 1 4 x E 6 x y 
Tucl o\er syitciii life 
1 + E 3 i x X 
E 4 - E 3 / X \^ 
Present worth of generator (F9+F11+F15) 
' • ( 
1+E3 
1+E4 ID 
1 
Generator energy production over desired system life (F1*A7*E7*E1) 
Present value of generation (F16/ F17) 
1 
derived through statistical analysis 
*Note: Do not calculate for replacement y 
1 i 
1 1 
ears greater th< 
1 i : 1 
1 
r 
1 
in or equal to the 
20:yrs 
0^06' 
0 . 1 7 ' 
0.13 
0.07 
45 Rs/ltr 
300, 
800: 
8500.001 
6800000' 
30000 
300^days 
300:days 
SOiyrs 
68000001 
0 
6800000" 
800000^ 
8,475,211.40 
01 
I90,ltr/hr 
1140001 
150,826,308.64 
I66I0I520 
9600000^ 
17.37 
system life. El j 
 
 
 
 
 
  
 
 
 
Segment: Cement - Cost Analysis (DG) 
Firm: Ambuja Cement i 
A. TECHNICAL ASSUMPTIONS: 
A5 
A6b 
A7a 
A7b 
Capacity of the generator 
Fuel Consumption / hour at 70% load 
Daily generator run time (at>70 % load) 
Daily generator run time (at70 % load) 
A7 Total generator run time 
Annexure: XXII 
i 
A8 Initial cost ofgenerator, accessories and electrical infrastructure 
A9 
AlO 
All 
A12 
A13a 
Power factoijbr the generator (decimal) 
Generator efficiency (decimal) 
Peak Power for the generator (decimal) 
Expected Yearly maintenance cost ofgenerator 
Life of the generator in years (working at @ 10 hrs./day) 
(A5*A9*AI0) 
A 13b Life of the generator in under present working conditions (A 13a* 10/2) 
E ECONOMIC CONDITIONS FOR ANALYSIS 
EL 
E2 
Desired System Life 
Inflation Rate (decimal) 
E3 Fuel Escalation Rate (decimal) 
E4 Discount Rate (decimal) 
E5 Real Discount Rate (E4-E2) 
E6 Current Fuel cost (including transporation, storage etc.) 
E7 Number of working days in a year 
1000 kVA 
162 Itr/hr 
0 
24 
24" 
5500000.00 
0.8' 
0.8 
640 kW 
700000 
10 
50 
20 yrs 
0.06 
0.17" 
0.13 
0.07 
52 Rs/ltr 
300 
; PRESENT WORTH ANALYSIS FOR GENERATOR 
PL 
F2 
^F3 
F4 
J^a 
F5b 
F^ 
F6 
Rated Generator Output 
Cost per Kilo Watt for Generator Installed 
Initial Cost For Generator (AS) \__ 
E.xpected Generator Life in hours (A 13a*E7* 10) 
Average Yearly Generator run- time (at>70 % of load) 
Average Yearly Generator run- time (at 70 % of load) 
Average Yearly Generator run- time (Total F5a + F5b) 
E.xpected Generator Life in Years at present working 
F7 
Replacement Year* 
Initial Installation 
(F6) 
20 
640; 
8593.751 
5^0000 
30000 
0 
3651 days 
365]days 
20'yrs 
F8 
Present Worth 
.(f3L _^ _ . 
(0/(1+E5)^*) 
F9 Present Worth of Generator alone (Summation of F8) 
Fl 0 ' E.xpected Yearly maintenance cost for generator (A 12) 
Fl 1 Present Worth of annual maintenance over system life, El 
5500000 
0 
5500000 
700000 
F l O x ( 
(ii+Esr-i) 
El (E5x( l+E5) ' ' ' ) ) 
7,415.809.97 
F12 
F [3 
1-14 
Estimated generator fuel consumption at > 70 of load, A6a 
Estimated generator fuel consumption at at 70% of load, .^6b 
.'.:;:^ ..ai gcr.ci-ator fuel consumption (lob .\ .-\7b .\ 1' 13) 
- 1 — 0, 
J^_[62'itr/hr 
1 1 1 1 1 ^ 1 1 
-t I 7 1 _ u 
F15 Present worth of fuel over system life 
1+E3 
F 1 4 x E 6 x ( [ ^ 4 T i 3 | ) x ( 1 - ( 
H-E3 xE1 
1+E4 
F16 Present worth of generator (F9+F11+F15) 
F17 Generator energy production over desired system life (Fl*A7*E7*^Ty 
F18 Present value of generation (F16/ F17) 
) ) 
2,169,612,635.11 
2182528445 
JJ 2^28000 
19^ 5 
"derived through statistical analysis -^~ 
*Note: Do not calculate for replacement years greater than or equal to the system life. El 
 
 
 
 
 
  
 
 
 
Segnien 
Firm: 1 
A 
A 5 
A6b 
A7a 
A7b 
A 7 
A 8 
A 9 
A 10 
All 
AI2 
A) 3a 
A1 3b 
E 
El 
E2 
E3 
E4 
E5 
E6 
E7 
F 
Fl 
F2 
F3 
F4 
F5a 
F5b 
F5 
F6 
F9 
FlO 
FI1 
' Y\2 
F13 
F(4 
F15 
F16 
FI7 
F18 
t: Engineering-
li-Metal Bearing 
Cost Analysis (DG) 
TECHNICAL ASSUMPTIONS: 
: 
Capacity of the g 
Fuel Consumptic 
Daily generator r 
Daily generator r 
Total generator r 
Initial cost of gei 
Power factor for 
Generator efficie 
Peak Power for t 
Expected Yearly 
Lifeof thegener 
Life of the gener 
enerator 
n / hour at 70% load 
un time (at>70 % load) 
un time (at70 % load) 
un time 
lerator, acce 
the generate 
ncy (decima 
ssories and el 
r (decimal) 
1) 
ie generator (decimal) 
maintenance cost of gene 
ator in years (working at ( 
ator in under present work 
ECONOMIC CONDITIONS FOR ANAL^ 
! 
Desired System Life 
Inflation Rate (decimal) 
Fuel Escalation Rate (decimal) 
Discount Rate (decimal) 
Real Discount Rate (E4-E2) 
Current Fuel cos 
Number of work 
t (including transporation 
ing days in a year 
1 
PRESENT WORTH ANALYSIS FOR GE 
1 
Rated Generator Output | 
sctri 
rator 
5) 10 
ing 
r-SIS 
) 
NEF 
Cost per Kilo Watt for Generator Installed 
Initial Cost For Generator (A8) 
Expected Generator Life in hours (A13a*I 
Average Yearly Generator run- time (at>7 
i7*l 
0 % 
Average Yearly Generator run- time (at 70 % ( 
Average Yearly Generator run- time (Total F5 
Expected Generator Life in Years at prese 
F7 
Replacement Year* 
Initial Installation 
(F6) 
50 
Present Worth of Generator alone (Summ: 
Expected Yearly maintenance cost for gen 
Present Worth of annual maintenance ove 
F 1 0 x ( 
( (1+E5)^ ' -1) 
(E5 X (I + ESf ) 
Estimated generator fuel consumption at > 
Estimated generator fiael consumption at a 
Annual generator ftiel consumption (F5h 
' Present worth of fuel over system life 
• / 
F 1 4 x E 6 x \ ^ 
I +E3 
E 4 - E 3 ) ^ ( 
Present worth of generator (F9+F11+Fl 5) 
Generator energy production over desired 
Present value of generation (F16/ F17) 
derived through statistical analysis 
*Note: Do not calculate for replacement y 
' 
1 
nt w 
ition 
erat( 
r sys 
\ 
) 
•70 
t70 
X A ' 
. ( 
syst 
ears 
1 
i 
— 
1 
cal infrastructure 
— 
- -
(A5*A9*A10) 
hrsVdayJ 
conditions^Alla* 10/2) 
-
-
U T O R 
" 
0) __. 
of load) 
)f load)^ 
1 + F5b)' 
orking (A 
Present 
(f3/(l + 
ofFS) 
3r(A12) 
\ 
• 
j 
13b) 
F8 
Worth 
1 
1 
ESf) 
i 
tem life, El 
of load, A 
Vo of load 
' b x y i 3 y 
^ 1+E3 
6a 
A6b 
1 
X E 1 X 
. : i + E 4 j ) 
em life (F 
greater th 
1*A7*E7*E1) 
an or equal to the 
Annexure: W i l l 
625 !kV \ 
lioiltr hr 
o' 
"" 24' 
24" 
3800000 
oJ 
400 kW 
420000 
10 
50 
"^20 yrs 
0.06 
0.17" 
0.13 
0.07' 
45"Rs/ltr 
400 
9500.00 
3800000 
33000 
" o: 
330 days 
330 days 
50 yrs 
3800000 
0 
3800000 
420000' 
4.449.4 
0' 
flOltr/hr 
871200 
11526305 
1160880013 
63360000 
18.3 
system life. El 
85.98 
27.08 
 
 
 
 
 
  
 
 
 
Segment; Engineering - Cost Analysis (DG) 
Firm: Salzer Electronics Ltd. 
i 
A. TECHNICAL ASSUMPTIONS; [ 
A5 
A6b 
A7a 
A7b 
A7 
A8 
A9 
AlO 
A l l 
A12 
A13a 
A13b 
E 
El 
E2 
E3 
E4 
E5 
E6 
E7 
F 
F l 
F2 
F3 
F4 
F5a 
F5b 
F5 
F6 
F9 
FIO 
F l l 
F12 
F)3 
F14 
FI5 
F16 
F17 
F18 
1 
Capacity of the generator 
Fuel Consumption / hour at 70% load 
Daily generator run time (at>70 % load) 
Daily generator run time (at70 % load) 
Total generator run time 
Initial cost of generator, accessories and e 
Power factor for the generator (decimal) 
Generator efficiency (decimal) 
Peak Power for the generator (decimal) 
i 
i 
1 
ectricj 
1 
r 
Expected Yearly maintenance cost of generator 
Life of the generator in years (working at 
il infrastructure 
(A5*A9*A10) 
@10hrs. /day) 
Life of the generator in under present working conditions (A13a*10/2) 
. - " • - ! " 
ECONOMIC CONDITIONS FOR ANALYSIS 
j l_ 
Desired System Life 
Inflation Rate (decimal) 
Fuel Escalation Rate (decimal) 
Discount Rate (decimal) 
Real Discount Rate (E4-E2) 
Current Fuel cost (including transporation 
Number of working days in a year 
, 
) 
^ - • ' - — - • 
PRESENT WORTH ANALYSIS FOR GENERATOR 
' 
Rated Generator Output \ 
Cost per Kilo Watt for Generator Installed 
Initial Cost For Generator (A8) 
L— ' 
^ ' " " " • • ' 
Expected Generator Life in hours (A13a*E7*10) 
Average Yearly Generator run- time (at>70 % of load) 
Average Yearly Generator run- time (at 7 
Average Yearly Generator run- time (Tot 
0 % of load) j 
i lF5a + F5b) ; 
Expected Generator Life in Years at present working (A 13b) 
F7 
Replacement Year* 50 
Initial Installation 
(F6) 1 
Present Worth of Generator alone (Summ 
Expected Yearly maintenance cost for gei 
F8 
Present Worth 
MZl 
(f3/(l+E5)^') 
ation of F8) I 
ierator(A12) 1 
Present Worth of annual maintenance over system life, El 
/ j ( ( 1 + E 5 ) ' ' - I ) 
^^^""K (E5x(l+E5)^') 
Estimated generator fuel consumption at ^ 
Estimated generator fuel consumption a t ; 
Annual generator fuel consumption (F5b 
Present worth of fuel over system life 
/ ' i + E 3 X . 
F14xE6.x (^  E 4 - E 3 n / x V 
Present worth of generator (F9+F11+F15' 
Generator energy production over desirec 
Present value of generation (F16/ F17) 
derived through statistical analysis 
*Note: Do not calculate for replacement y 
\ 1) 
>70oj Fload, A6a 
It 70% of load, Af>b 
x A 7 b x F 1 3 ) 
k 
) 
syster 
ears gi 
1 
1+ E3 i X E1 . 
J+ E4 J ) 
nHfe7Fl*A7*E7*El) 
reater than or equal to the 
Annexure: XXIV 
160^kVA 
SOUtr /hr 
oT 
3.5| 
3.5: 
1000000' 
o.sj 
0.8' 
102.4ikW 
120000' 
loi 
50. 
! 
20yyrs 
0.06t 
0.17!" 
0.13 
0.07; 
49 Rs/ltr 
330 
102.4' 
9765.63 
1000000 
33000 
0 ' 
330 days 
" 330 days 
_ 50 yrs 
lOOOOOl) 
0 
1000000 
__ I _120000 
1.271.281.71 
0 
M) Itr/br 
34650 
49,918.216.01 
52189498' 
2365440' 
22.1 ' 
system life, El! 
 
 
 
 
 
  
 
 
 
Segment: Minerals and Metals - System design and Cost Analysis (SPV) Anncxure - XXV 
Firm: Anugraha Valves 
PCU AC MAINS 
SPV ARRAY CR 
BC 
INV 
-*•- LOAD 
BATTERY 
Al 
A2 
A3 
Loads: 
Inverter efficiency (decimal) 
Banery Bus Voltage (DC) 
05 
220" volts 
Inverter AC Voltage (3Ph, 50 Hz, AC) 415 
A4 A5 A6 A7 
Application 
1 i Critical Load 
A8 
Rated ! Adjusted Hours per Encrg> pe 
Wattage 1,0 for dx Wattage Da\ OayiAd" 
(Watts) AltbrA.C (A4/A5) A-^ ) 
320,000 0.9 355555.56 2 ''11111.11 
A9 
AID 
All 
AI2 
Total energy demand per day ( Summation A8) 
Total amp - hour demand per day (A9/A2) 
Max AC Power requirement 
Max DC Power requirement 
3232.3^ 
" 320,000 
355555.56 
Bl 
B2 
B3 
B4 
B5^ 
B6 
B7 
B8 
89 
BIO 
Battery Sizing: 
Days of storage desired 
AJlowable depth of di.scharge 
Required balter>' Capacity (AI0*(BI,''B2) 
Amp - hour Capacity of selected battery (2 Volts) 
Number of batteries in parellel (B3/B4) _ 
Number of batteries in series (A2^att. Voltage) 
I 
0.5 
6464.65 
1000 
6^ 5 
110 
Ah 
6 NOS. 
Total number of batteries (B5*B6) 660.00 
Total battery amp-hour capacity (B5*B4) 
Total battery Kilowatt-hour capacity (B8*(A2/1000) 
Average d.o.d(A10/B8) 
6000.00 Ah 
1320 
0.5 
Page 1 of 3 
 
 
 
 
 
  
 
 
 
c 
CI 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
CIO 
en 
C12 
C13 
C14 
D 
Dl 
D2 
Photovoltaic Array Sizing 
Total energy demand per day (A9) 
Battery round-trip efficiency 
Required array output / day (C1/C2) 
selected PV Modules Maxpower voltage (at STC x 0.85) 
Selected PV Modules guaranteed power output at STC 
Annual average solar insolation 
Energy output/module/diiy (C5*C6) 
Module cnerg\ output at operating icniperalurc (C'7*0.8I) 
Number of modules required (C3/C8) 
Number of modules required/string (A2/C4) 
Number of strings in parellel (C9/C10) 
Number of modules to be purchased (C10*C11) 
Nominal rated PV modules output 
Nominal rated array output (C13*C12) 
PCU: 
Max dc power requirement (A 12) 
Max ac power requirement (All) 
711111.11 
0.85 
836601.31 
29.07 
150 
4.5 
6 7.*; 
546.75 
1530.13 
7.57 
191.27 
1528.00 ^ 
150 
229200 
355555.56 
320000 
Watt hour 
Watt hour 
Volts 
""Waus" 
Wall-lKHir 
W'iill-houi 
8 
191 
^ Watts" 
Watts 
Watts 
Nos. 
Nos. 
Nol. 
-
-
Page 2 of 3 
 
 
 
 
 
  
 
 
 
Life Cycle Cost Analysis for Stand Alone PV System: 
E 
El 
E2 
E3 
E4 
F. 
Fl 
F2 
F3 
F4 
(F4) 
(2 * F4) 
(3 * F4) 
F7 
F8 
F9 
Economic Conditions for Analysis 
Desired sysem life 
Inflation rate (decimal) 
1 
Discount rate (decimal) ! 
Real discount rate (E3-E2) 
Present Worth Analysis for PV and BOS 
Peak watts of array (C14) 
— 
Cost per peak watt for PV array and BOS, installed 
Initial cost for PV and BOS (Fl * F2) 
Expected P^ / array life 
F5 
Replacement Year 
Initial Installation 
20 
0 
— - -
0 
Present worth of PV and BOS (summation of F6) 
1 1 
— - ! -: 
20, 
O.O61 
0.13 
0.07 
yrs ; 
! 
i 
1 
_ 1 j 
229200 
175 
40110000 
20 
F6 
Present Worth 
(F3) 
(F3/( l+E4) ' '*) 
(F3/(1+E4y^*'"'^) 
(F3/(1+E4y'* '"") 
Energy production over desired system life, El (A4 *A7*F5 (DG) *E1/100( 
Present value of PV electricity (F7/F8) 
G. 
Gl 
G2 
G3 
G4 
G5 
(G5) 
(2 • G5] 
(3 * G5] 
G8 
G9 
GIO 
H. 
HI 
H2 
H3 
H4 
H7 
H8 
H9 
iUQ 
Presen Worth Analysis for Batteries 
Total Battery kW-hour capacity (B9) 
Cost per kW-hour for battery 
Initial Cost for battery (G1*G2) 
Expected battery life in cycles 
Expected battery life in years 
G6 
Replacement Year 
Initial Installation 
5 
10 
15 
Present worth of battery (summation of G7) 
Total present worth of PV and Batteries (F7+G8) 
G7 
40110000 
0 
0 
0 
40110000 
3840000 
10.45 
watts J 
Rs/watt* 
Rs i 
yrs i 
. 
Rs^ 
kW-hours 
RsAW-hourl 
i 
1320 
4000 
5280000 
5 
kW-hours 
Rs./kW-hour 
Rs. 
cycles 
yrs 
Present Worth 
(G3) . 
( G 3 / ( 1 + E 3 ) ° ^ ) 
(Gy{\+E4f'°') 
(G3/(l+E4f'°^) 
Present value of Electricity with PV and Battery (G9/F8) 
Present Worth Analysis of Inverter 
Rated power for inverter (D2/0.75) 
Cost per rated watt for inverter 
Initial cost for inverter (H1 *H2) 
Expected inverter life 
H5 
Replcament Year* 
Initial Installation 
Present worth of inverter (summation of H6 ) 
Total present worth of PV system (G9 + H7) 
Expected Yearly maintenance cost for SPV 
( l % o f G 3 + H3) 
Present Worth of ^ n u a l maintenance over i 
I - I O X 
HI 1 Jo t a l Preser 
H12 j Present valu 
r -s. 
( l ^- Jb,.*) - 1 
t Worth of PV system (H8 + H 
e of Electricity with SPV systen 
system ( 
>ystem li 
5280000 
3764567.031 
2684084.26 
1913714.98 
13642366.27 
53752366.27 
14.0 Rs./kW-hour 
1 . 
426667 !VA 
^ 75 
32000000 
20 
H6 
Present Worth 
( H 3 ) 
A12) 
Fe,El 
1 ! 
0) 
t i (Hl l /F 
H j 3 ! Tbta! initial cost for PV system (F3+G3+H3) 
(based on ti end projection for year 2006} 
*Note: Do not calculate for replacement year? greate 
8) 
r than or equal to the sy 
32000000 
32000000 
85752366 
372800 
Rs. 
t:::: :  
i 
1 ; . 
3949449j ! 
89701815 
23.4iRs./kW-hour' 
77390000 •:--T::i 
stem life, E1 i_ L 
Page 3 of 3 
 
 
 
 
 
  
 
 
 
Sesrmciit: MiiK-ials aiul Motuls - Systoin desiun iinil Cost V'iilysis ( S i n ) 
i 
I'cu ; 
Anncxurc - W V I 
Firm: Amtek Castin}; 
AC MAINS 
\—• LOAD 
A2 I BattervJ^iiJLY9!l''.S£iDC) 
A3 Tinverter AC Voltage (S?\^. 50 Hz. AC) 
Applicat 
Critical Load 
" 1 " ^ 0.9 
T 220 
! 42_5 _ 
— ^ . 
j A4 _ 
T Rated 
Wattaje 
J ' (Watts) 
70,400 
T""" I 
-j -- - - - , 
volts 
; _ A5 ; 
-7-
I I.Otord.c : 
' T A I for AC ' 
0 ') 
A6 
Adjusted 
Wattage 
"YA4/A5) 
7X222.22 
A 7 
I lours per 
Oils 
1 
AX 
JjiergN pel 
D a \ (Al l * 
A 7 j 
Wall-linur 
|S( , .1 . | -1 -l-l 
A9 I Total energy demand per day ( Sumnjialion A^)_ 
. - . I . 
A10 jTotal amp - hour demand per dav^A9/A22 
A11 I Max AC Power requirement 
A12 1 Max DC Power requirement 
B I Butter}' Siiiinj;: 
- 4 -
1_56444.44 
- ILLLL 
"70,400 
- 4 - . 
78222.22 
Bl 
B3 
Days of storage desired 
Allowable depth of discharge 0,5 
Required battery Capacity (A10*(B1/B2) 
B4 Anip - hour_Capacity of selected battery (2 Volts) 
B6 j Number of batteries jn scries (A2/batt^ Voltage) 
^ 7 ^ jTotal number of balteries (B5*B6) 
B8 
BIO 
Total battery^a^mp-hour capaeit)' (BS*B4) 
Total battery Kilowatt-hour capacUy^BH*(A2/TOGO) 
Average d.o.dJA 10/B8) 
1422.22 
1000 
TA 
'looo'oo" 220 0.7 
Ah 
1 
Ah 
NOS. 
 
 
 
 
 
  
 
 
 
CI Total energy demand per day (A9) 
C2 
C3 
C4 
_p5 
C6 
C7 
C8 
C9 
CIO 
Cll 
C12 
"C13 
"C14 
D 
J)l 
D2 
Photovoltaic Array Sizing 
Battery round-trip efficiency 
Required array output / day (C1/C2) 
selected PV Modules Maxpower voltage (at STC x 0.85)^ 
Selected PV Modules guaranteed power output at STC 
Annual average solar insolation 
156444.44 
0.85 
184052.29 
29.07 
150 
4.5 
Energy output^module/day (C5*C6) 
Module energy output at operating temperature (C7^^8 Ij 
Number of modules required (C3/C8) 
Number of modules required/string (A2/C4) 
Number of strings in parellel (C9/CI0) 
Number of modules to be purchased (C10*C11) 
Nominal rated PV modules output 
Nominal rated array output (C13*C12) 
PCU: 
Max dc power requirement (A 12) 
^ 5 
546.75 
336.63 
7.57 
42.08 
336.00 
150 
50400 
78222.22 
Watt hour 
Watt hour 
JVolts 
Watts 
Watt-hour 
Watt-hour 
42_ 
Watts 
Nos. 
Nos. 
Nos. 
Max ac power requirement (All) 70400 
Watts 
Watts 
~--\-
,= 
1_ 
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Life Cycle Cost Analysis for Stand Alone PV Systen 
1" 
E 
El 
E2 
E3 
E4 
F. 
Fl I 
F2 
F3 
F4 
(2 * F4) 
(3 * F4) 
i: 
Economic Conditions for Analysis 
Desired sysem life 
Inflation rate (decimal) _ 
Discount rate (decimal) 
Real discount rate (E3-E2) 
Present Worth Analysis for PV and BOS 
Peak watts of array (CI4) 
Cost per peak watt for PV array and BOS, installed 
Initial cost for PV and BOS (Fl * F2) 
Expected PV array life 
F5 
Replacement Year 
Initial Installation 
20 1 
0 
0 
! 
F7 
F8 
F9 
G. 
Present worth of PV and BOS (summation of F6) 
1 
1 
A 
- -
F6 
Present W 
(F3) J 
(F3/(l+E4)'''*) 
(F3/(l+E4)<^'"*) 
(F3/(l+E4)''*''•") 
Energy production over desired system life, El (A4 *A7*F5(DG)*E1/1000) 
Present value of PV electricity (F7/F8) 
Presen Worth Analysis for Batteries 
Gl 
G2 
G3 
G4 
G5 _ 
(G5) 
(2*G5) 
(3*G5) 
G8 
G9 
GIO 
H. 
HI 
H2 
H3 
H4 
Total Battery kW-hour capacity (B9) 
Cost per kW-hour for battery 
Initial Cost for battery (G1 *G2) 
Expected battery life in cycles 
Expected battery life in years 
' • G6 
Replacement Year 
- - - ' 
— 
Initial Installation 
5 
10 
15 
Present worth of battery (summation of G7) 
Total present worth of PV and Batteries (F7+G8) 
20 
0.06 
0.13 
0.07 
50400 
175 
8820000 
20 
orth 
8820000 
0 
- - - -
yrs 
watts 
Rs/watt* 
Rs 
yrs 
0 
oi 
8820000 
844800 
10.44 
220 
4000 
880000 
t 
iRs. 
kW-hours 
Rs./kW-hour 
1 
kW-hours 
Rs./kW-hour 
Rs. 
cycles 
1 5iyrs 
^ Gl 
Present Worth 
(G3) 
(G3/ ( l+E4)° ' ) 
(G3/(l+E4)*-*°^') 
(G3/(l+E4)<^*°^) 
i 
880000.001 
627427.84 
447347.38 
318952.50 
2273727.712 
11093727.71 
1 
[ 
Present value of Electricity with PV and Battery (G97F8) T 13.lt Rs./kW-hour 
Present Worth Analysis of Inverter 
Rated power for inverter (D2/0.75) - t 
Cost per rated watt for inverter 
Initial cost for inverter (H1 *H2) 
Expected inverter life 
H5 
Replcament Year* 
Initial Installation 
H7 j Present worth of inverter (summation of H6) 
H8 
H9 
HIO 
Hll 
H12 
H13 
Total present worth of PV system (G9 + H7) 
1 H6 
Present W 
1 '(H3) 
Expected Yearly maintenance cost for SPV system (A 12) 
( l%ofG3 + H3) 
Present Worth of annual maintenance over system life, 
H S > x 
Total Present 
Present value 
( 1 ^ E 4 ^ > E 1 ^ 
Worth of PV system [m + HK 
of Electricity with SPV system 
Total initial cost for PV system (F3+G3+H3) 
(based on irt 5nd projection for year 2006) 
Note: Do not calculate for replacement year 
i 
El 
1 
)) 
(H11/F8) 
? greater th 
" 93867'VA 
75 
7040000^Rs. 
[2 20 ' 
'orth 
7040000: 
7040000 
18133728 
79200 
i 
i 
, 
; 839046 
18972774 
22.5 
16740000 
iRs./kW-hour 
1 
L 
an or equal to the system life, El 
1 Page 3 of 3 
 
 
 
 
 
  
 
 
 
Segment: lextilcs - System design :iiul^Cost Analjsjs (S1|V) 
Firm: .layshree Textiles 
J PCU 
Annexurc- XXVII 
AC MAINS 
" T -
4 
SPV ARRAY 
I 
CR 
1__ 
BC 
it — 
INV 3&- LOAD 
-^
^ 
- 4 - • - -
BATTERY 
- i -
A. ! Loads: 
A ! Inverter efficiency (decimal) 0,9 
A2 iBattorv Bus Voltage (DC) 
A3 ;Inverter AC Voltage (3Pli, 50 Hz. AC) 
^ 2 0 
411" 
A4 
volts 
A5 A6 A7 AX 
Application 
; Critical Load 
Rated i ' Adjusted Hours l.ncvgx pv;r 
Wattage i LOJbrd.i^; Wattage per OJA l ) ; i \ iAi '* 
(Watts)^ NAI for A C \_ (A4'A5) 
550,400 T" 0.9 1611555.56 
A 7,1 
Wjl l -hour 
122.111 1 1 I 
A9 jTotal energy demand per day ( Summation A8) 
A10 I Total amp - hour demand jicr day (AJ)/A2) 
AI 1 (Mu.K AC Power requireineril _ ^ 
A12 jMax DC Power requirement 
B i Bat tery Sizing: 
B1 I Days of storage desired 
82 jAllowable depth of discharge 
B3 
B4 
Required battery Capacity (A 10 *(B 1 /B2) 
B5 
Amp - hour Capacity of selected battery (2 Volts) 
Number of batteries in parellel (B3/B4) 
B6 Number of batteries in series (A2/batt. Voltage) 
B7 jTotal number of batteries (B5*B6) 3_ 
B8 iTotal battery^amp-hour capacity (B5*B4) 
B9 'Total"battery Kikiwatt-hour'c'apacity (!5S!(A27K)qO)^ 
BIO |A^eraged.o.d(AI0/B8) - - ^ - - ^ ^ ^ ^ 
1223111.11 
5559,60 
550,400 
611555,56 
0,5 
119,19 
1000 
110 
1210,00 
iK)00,00" 
_242"o7 
" "0,5 
Ah 
Ah 
NOS, 
Puiic 1 ot .< 
 
 
 
 
 
  
 
 
 
Photovoltaic Array Sizing 
CI Total energy demand per day (A9)^ 
C2 
C3 
"C4 
C5 
C6 
C7 
C8 
C9 
CIO 
Cll 
C12 
C13 
CM 
D 
Dl 
D2 
Battery round-trip efficiency 
Required array output / day (C1/C2)^ 
selected PV Modules Maxpower vqltage (at STC x 0,85) 
Selected PV Modules guaranteed power output at STC 
Annual average solar insolation 
Energy output/module/day (C5*C6) 
Module energy output at operating temperature (C7*0.81) 
Number of modules required (C3/C8) 
Number of modules required/string (A2/C4) 
Number of strings in parellel (C9/C10) 
Number o f modules to be purchased (C10^\])_ 
Nominal rated PV modules output 
1223111.11 I Watt hour 
0.85 
1438954.25 
29.07 
150 
4.5 
675 
546.75 
Watt hour 
yolts7 
Watts : 
-,, 
Watt-hour \ 
Watt-hour 
2631.83 
7.57 
328.98 
2624.00 
Nominal rated array ou^ut (C13*C12) 
PCU: 
150 
393600 
Max dc power requirement (A 12) 611555.56 
Max ac power requirement (All) 550400 
328 
Watts' 
Watts 
Watts 
Nos. 
_|_ Nos. 
._| 
-
1 
. - - -
4 
- - ^ -
1 
1 
1 
- J 
Page 3 of 3 
 
 
 
 
 
  
 
 
 
Economic Conditions fbr^Analysis 
El 
E2 
E3 
E4 
Fl 
F2 
F3 
F4 
Desired sysem lifg^  
Inflation rate (decimal) 
Discount rate (decima\) 
Real discount rate (E3-E2) 
Expected PV array life 
[Replacement Year 
Initial Installati( m 
I (2 * F4) 
^FT 
F9 
G. 
Gl 
G2 
Present Wortfa Analysis for PV and BOS 
Peak watts of array (C14) 
Cost per peak watt for PV array and BOS, installed 
I^njtial costjbr PV and BOS (Fl * F2)^ 
watts 
Rs/watt 
20 
0 
Present worth of PV and BOS (summationof F6) 
(F3) 
[(F3/(l+ £4/") 
(F3/(l+E4)'^'' '") 
(F3 / (H-E4f"^ ) 
Enragrproduct ionj jyo^^i^^ 's^l j fe , 
Pr^etU yalue^of PV electricity (F7/F8) 
Presen Worth Analysis for Batteries 
Total Battery kW-hour capacity (B9) 
Cost per kW-hourJbr battery^ 
G3 jlttitialCost for batt&yJGl *G2) 
G4 
G5 
Expected battery life in cycles 
Expected battery life in years (G4/365) 
(G5) 
K11G5) 
G9 
GIO 
H. 
Hi 
H2 
H3 
H4 
H7 
H8 
m 
HIO 
G6 
Replacement Year^ 
Initial Installatioit_ 
5 
10 
15 
Present worth of battery (summation of 07) 
Totaljresent^orth^fPy^and^attei^^ 
68880"000 
0 
0 
0^ 
68880000,Rs. 
66048qo.OOikW-hours 
10.43"Rs./kW-hour 
2420:kW-hours 
4000iRs./kW-hour 
96SbO(X/jRs. 
cycles 
5:vrs 
07 
Present Worth 
(G3) 
(G3/(l + E4)°^) 
(G3/(1+E4y ,(2*05), 
(G3/(i+E4f'°^) 
Present value of Electricity with PV and Battery (G9/F8) 
96S0000 
6901706.22, 
4920821.15' 
3^08427.47 
25011004^4: 
93^911)04.84^ ] 
14.2iRs./kW-hour 
Present Worth Analysis of Inverter 
Rat^power_foMnyei1^rjip2^0/75)^ 
Cost per rated watt for inverter 
Initial cost for inverter (HI *H2) 
Expected inverter life 
H5 
Replcameat Year* 
Initial Installation 
Present worth of inverter (summation of H6) 
Total present worth of PV system (09 + H7) 
733867 VA 
"" 75" 
55040000 :Rs. 
20^  
H6 
Present Worth 
(H3) 
Expected Yearly maintenance cost for SPV system (A 12) 
(r/oofG3 + ti3) 
Present Worth of annual maintenance over system life, El 
( 1 ^ E 4 ^ 
t i a ^ s J 
E l -
£ 4 X ( 1 E - * ) ^ 1 
-4-
-4-
illi 
H12 
H13 
Total^resent Worth of PV system^(^8 + H10)^_ 
Present value of Electricity witfi SPV system (^ Hl 1 /F8) 
Total initialcost foi^ PV system (F3+G3+H3) 
55040000 
55040000 • 
14893 KKM.S 
'647200: 
6856446 
155787451 
23.6 
133600000' 
(based ^ n trend projection for year 20061 
*Note:_r)o not calculate for replacement years greater than or equal to the system Me, E1 
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Segment: Textiles - System design «nd f •<>«« 'M^^'y'i^?'!'^') _ 
I<'iim: Kistern Spinwell 
1" 
• 
PCU -
y r — 1 -
^- • - - ; • - 1- - - -' 
1 
SPV ARRAY 
zl' - ^ n 1 — 
L ^-1 CR 
1 
- I _ - " 
- 1 . 1 " 
' 1 
\ 
f — 
i 
t - • 
• 
ATT 
Al 
A2 
- A3 
1 
2 
3 
4 
5 
A9 
AlO 
A l l 
A12 
B 
Bl 
B2 
33 
B4 
B5 
B6 
B7 
B8 
B9 
BIO 
" " " '1 
1 
Annexuie - XXVTII 
AC MAINS \ 
'- " 
BC 
^ \^ 
V 
yj_ 
INV . 
BATTERY 
Loads: 
Inverter efficiency (decimal) 
Batter,' Bus Voltage (DC) 
— 
Inverter AC Voltage (3Ph, 50 Hz. AC) 
, 
Application 
Critical Load 
Total energy demand per day ( Summation A8) 
Total amp - hour demand per day (A9/A2) 
Max AC Power requirement 
Max DC Power requirement 
Battery Sizing: 
Days of storage desired 
Allowable depth of discharge 
Required battery Capacity (AJ0*(B)/B2) 
Amp - hour Capacity of selected battery (2 Volts) 
Number of batteries in parellel (B3/B4) 
Number of batteries in series (A2/batt. Voltage) 
Total number of batteries (B5*B6) 
Total battery amp-hour capacity (B5*B4) 
Total battery Kilowatt-hour capacity (B8*(A2/I000) 
Average d.o.d (A 10/B8) 
1 
0.9 
220 
415 
. A4 
Rated 
Wattage 
(Watts) 
160,000 
355555.56 
1616.16 
160,000 
177777.78 
1 
0.5 
3232.32 
1000 
3.2 
110 
330.00 
3000.00 
660 
0.5 
*. 
J _ . . _i_ - . ^- — - - -
'" -)— 
1 
1 
- ' 1 
-j 
H 
. — - , . - - - - • • -
t 
U . '—J - - -
— • 1 r> A n 
~ VUKJIW 
' 
1 -. 
: 
'r" 
\ --
i 
: 
volts ' 
A5 
1.0 ford.c 
A6 ! A7 AX 
Adjusted i Hours HncrgN per 
Wattage ; per Da% l)a>' (A6 * 
\ A7) 
Al lbrA.C| (A4/A5) 
; ; Watt-hiiiir 
0.9 Mlinm , 2 35555,S.5(. 
1 
i 1 
; 
1 
i 
! 
'; 
1 
Ah "i 'i 
3 
Ah 
NOS. 
j 
1 
i "' ~r" 
! Page 1 of 3 
 
 
 
 
 
  
 
 
 
CI 
C2 
C3 
^4 
C5 
'C6 
C7 
C8 
C9 
CIO 
CU 
C13 
C14 
Dl 
D2 
Photovoitaic Array Sizing 
Total energy demand per day (A9) 
Battery round-trip efficiency 
Required array output / day (C1/C2) 
selected PV Modules Maxpower voltage (at j^TCx 0.85) 
Selected PV Modules guaranteed power output at STC 
Annual avett^e solar insolation 
Energy output/module/day (C5*C6) 
Module energy output at operating temperature (C7*0.81) 
Number of modules required (C3/C8) 
Number of modules required/string (A2/C4) 
Number of strings in parellel (C9/C10) 
Number of modules to be purchased (C10*C11) 
Nominal rated PV modules output 
Nominal rated array output (C13*C1^ 
PCU: 
Max dc power requirement (A 12) 
Max ac power requirement (All) 
355555.56 
0.85 
418300.65 
29.07 
150 
4.5 
675 
546.75 
765.07 
Watt hour 
Watt hour 
Volts 
Watts 
Watt-hour | 
Watt-hour! 
7.57 
95.63 
760.00 
150 
114000 
95 
Nos. 
TTos. 
"NOS. 
Watts 
177777.78 \ Watts 
160000 Watts 
Page 2 of 3 
 
 
 
 
 
  
 
 
 
Lite t^ycie Cost Analysis for Stan? Moiic PV System: 
E Economic Conditions^for AnalyM! 
El~ 
E2 
E3 
E4 
F. 
Fl 
F2 
F3 
F4 
(F4) 
(2 * F4) 
(3 * F4) 
FY 
FS 
F9 
Desired sysem life 
Inflation rate (decimal) 
Discount rate (decimal) 
Real discount rate (E3-E2)^ 
Present Worth Analysis for PV and BOS 
20 
0.06 
0.13 
0.07 
yrs^  
Peak watts of array (CI4) 
Cost per peak watt for PV array and BOS, installed 
Initial cost for PV and BOS (Fl * F2) 
Expected PV array life 
F5 F6 
Replacement Year Present Worth 
114000 
175 
19950000 
20 
—-
watts 
Rs/watt* 
Rs 
yrs 
Initial Installation 
0 
G. 
Gl 
G2 
IG3 
G4 
G5 
(F3) 
(F3^(l^j^E4)^ 
| (F3/( i+E_4J<^"l 
|(F3^(1+E4)^''"")_ 
Present worth of PV and BOS (summation of F6) , 
Energy production over desired system life, El (A4*A7*F5(DG)j^El/jOOO) 
Present value of PV electricity (F7/F8) 
199JO()00| 
_ 0 ^ 
_ Oi 
jy 
199500001 Rs. 
\ 1920000 ikW-hours 
^ 10.391 Rs./kW-hour 
Presen Worth Analysis for Batteries 
Total Battery kW-hour capacity (B9) 
Cost per kW-hour for battery 
Ini^al Cost for battery (G1 *G2) 
Expected battery life in cycles 
Expected battery life in years (G4/365) 
G6 
(G5) 
G8 
G9 
GIO 
Replacement Year 
Initial Installation 
10 
15 
Present worth of battery (summation of G7) 
Total present worth of PV and Batteries (F7+G8) 
660 
4000 
2640000 
kW-hours 
Rs./kW-hour 
Rs. 
I cycles 
Siyrs 
G7 
(G3) 
Present Worth 
2640000.00 
.,05., (G3/( l+E4)"0 
(G3/(l + E4f'°^^) 
(G3/j[l j tE4)^-)^ 
1882283.51 
_B42q4^B| 
956857.49' 
6821183.14; 
26771183.141 
Present value of Electricity with PV and Battery (G9/F8) 13.9 Rs./kW-hour 
H. Present Worth Analysis of Inverter 
HI 'Rated power for inverter (D2/0.75) 
H2 ! Cost per rated watt for inverter 
H3 I Initial cost for inverter (HI *H2) 
H4 j Expected inverter life 
t- H5 Replcament Year* 
H7 
£8 
H9 
Present worth of inverter (summation of H6) 
Initial Installation 
Total present worth of PV system (G9 + H7) 
H6^ 
Present Worth 
(H3) 
Expected Yearly maintenance cost for SPV system (A 12) 
(I % of G3jfJD)_ / \ 
H10 j Present Worth of annual maintenance over system life, E1 
2J3233 VA 
" 75^ _ 
160000001 Rs. 
20; 
J 60000001 
J 600000^ 
427211831 
186400; 
~(T~^~E^gy 
HII 
HI2 
H13 
Total Present VV^rth^ofPV^ystemJHy+ 
• Present value of Electricity with SPV system (HI I/F8) 
j Total mitml cost forJ'Yiy?^ (F3+G3+H3) 
i (based on trend projection for year 2006) 
!''^"i5L??.Il°'_5i!?^i!?!5_^LI5Pl?£5!5?5iy5^'^ greater^han oj^equal tojhe system life, E^ i 
H -
1974724 
44745907 
_ J 3 . 3 Rs./kW-hour 
38"590000^^ 
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• • f'hemical - Sv 
Firm: Hindustan Glass 
^ 1— 
stem dcsicii and Cost Analysi.v (Sl'V) 
1 
PCU 
- 1 r 
4 
1 
' ) 
SPV ARRAY 
f 
CI 7 
1 1 
i 
1 
1 
1 
— 
•i . 
1 
' --
1 
' 
^ r 
,._._ 
* 
Aniiexurc - XXIX 
1 
I 
AC MAINS 
fi C —^*-
TT MV 
•" i i 
BATTERY 
1 
A. Loads: 
Al 
A2 
A3 
1 
Inverter etTiciency (decimal) 0.9 
Battery Bus Voltage (DC) 
Inverter AC Voltage (3Ph, 50 I Iz, AC) 
Application 
1 Critical Load 
2 1 
3 
4 — - -- - — - -
5 
A9 
AlO 
A l l 
A12 
B 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BIO 
Total energy demand per day ( Summation A8) 
Total amp - hour demand per day (A9/A2) 
Max AC Power requirement 
Max DC Power requirement 
Bat tery Sizing: 
Days of storage 
Allowable dcpti 
desired 
of discharge 
Required battery Capacity (A10*(B1/B2) 
Amp - hour Capacity of selected batterv (2 Volts) 
Number of batteries in parellel (B3/B4) , 
Number of batteries in series (A2^att. Voltage) 
Total number of batteries (B5*B6) 
Total battery amp-hour capacity (B5*B4) 
--
Total battery Kilowatt-hour capacity (B8*(A2/I000) 
Average d.o.d (A10/B8) 
^ 220 
415 
A4 
Rated Wattage 
(Watts) 
550,400 
— 
1223111.11 
5559.60 
550,400 
611556 
1 
^ ' 0.5 
11119.19 
1000 
11.1 
110 
1210.00 
11000.00 
2420 
0.5 
_II: .-_ ^ 
; 1 
^- ''' 1 • 
1 .-
1 
1 
' ^^ L U A U 
1 
', 
1 
J . .-
T 1 
, 1 
.. ... ;-..-^  ,-
• , 
. 
' 
^ 
volts 
A5 I A6 ' A7 
1.0 tor d.c 
Al for A.C 
0.9 
Adjusted ; ] lour.s 
Wattage per 
(A4/A5) : Das 
611555.56 2 
' 
1 
i 
j 
--
- ; i 
Ah ' 
II T NOS. 
" Ah '•' 
P 
-
AX 
l:ncrg\- per 
Dav (AU * 
A7) 
Watl-luHir 
' 122.^ 11 l.M 
-
age 1 ot 3 1 
 
 
 
 
 
  
 
 
 
C j Photovoltaic Array Sizing 
C1 iTotai energy demand per day (A9) 
C2 Battery round-trip efficiency 
^ 1 _ I Required array output / day (C1/C2)^ 
C4 
C5 
C6 
C8 
_C9 
cio 
selected PV Modules Maxpower vqltagejat STC x 0.85)^ 
Selected PV Modules guaranteed power output at STC 
Annual average solar insolation 
.CJLL 
C12 
C13 
Energy output/module/day (C5*C6) 
Module energy ou^ut at operating temperature (C7*0.8 j ^ 
Number of modules required (C3/C8) 
Number of modules required/string (A2/C4) 
Number of strings in parellel (C9/C[0)_ 
Number of modules to be purchased (C10*C 11) 
Nominal rated PV modules output 
qj^iNomuial rated array output (CI 3*C12J 
"CTTPCU; 
^ 
1223111 
0.85 
1438954.25 
2 9 ^ 
150 
4.5 
675 
546.75" 
2631.83 
7.57 
328.98 
2632.00 
150 
Watt hour 
Watt hour 
Volts 
Watts 
Watt-hour 
Watt-hour 
Nos. 
329 Nos. 
Nos. 
Watts 
D1 i Max dc power requirement (A 12) 
D2 Max ac power requirement (A 11) 
394800 
611556 Watts 
550400 Watts 
'A-~-
- i 
I-
' j 
T" 
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Uie^yCMl toiMLnajysbJbi^tand^Alone r\ system;^ i 
El 
E2 
E3 
E4 
FI 
F2 
F3 
F4 
(F4) 
(2 * F4) 
(3 * F4) 
Economic Conditions for Analysis 
Desired sysem life 
Inflation rate (decimal) 
Discount rate (decimal) 
Real discount rate (E3-E2)^ 
Present Worth Analysis for PV and BOS 
Peak watts of array (CM) 
Cost per peak watt for PV array and BOS, installed 
Initial cost for PV and BOS (Fl • F2) 
Expected Py array life 
F5 
Replacemcat Year 
Initial Installation 
0 
0 
F7 1 Present worth of P V and BOS (summation of F6) 
JO 
0X)6' 
0J3 
0.07 
394800 
175 
69090000 
^ 20 
yrs 
F6 
Present Worth 
watts 
Rs/watt 
Rs ^ 
yrs 
(F3) 
(F3/^+_E4)") 
(F3 / ( l+E4) '^" ' ) 
(F3/( l+E4)" ' ' ' " ) 
F8 
F9 
Gl 
G2 
03 
G4 
Energy production over desired system life, El (A4*A7*F5 pG)*E 1/1000) 
Present value of PV electricity (F7/F8) 
Presen Worth Analysis for Batteries 
Total Battery kW-hour capacity (B9)^ 
Cost per kW-hour for battery 
Initial Cost for battery (G1*G2) 
Expected battery life in cycles 
G5 Expected battery life in years (G4/365) 
G6 
_iG5)._ 
(2 * G5) 
(3 * G5) 
G8 
G9 
GIO 
H. 
HI 
H2 
H3 
H4 
Replacement Year 
Initial Installation 
5_ 
10 
15 
Present worth of battery (summation of G7) 
Total present worth of PV and Batteries (F7+G8) 
69090000; 
0, 
0' 
0 
690900001 Rs. 
66048001 kW-hours 
ro.46jRs^ 
2420jkW-hours 
J*00q[Rs./kW-hoar 
9680000[RS.^ '] ' 
.cycles 
5 i yrs 
G 7 _ 
Present Worth 
(G3) 
(G3/(1+E4)'"J^ 
(G3/^+E4)^^°- ' ) 
(G3/(l + E4)'^'°-') 
Present value of Electricity with PV and Battery (G9/F8) 
9680000i '• 
6901706.22; : 
492082U5^ 
35^8477.47^ 
250Tr0j)5£ 
94101004.841_^ " _•'" 
14.21 Rs./kW-hour 
Present Worth Analysis of Inverter 
Rated^owerjor inverter (D2/0.75) 
Cost per rated watt for inverter 
Initial cost for inverter (H1 *H2) 
Expected inverter life 
H5 
H7 
H8 
H9 
HIO 
HU 
Replcanient Year * 
Initial Installation 
Present worth of inverter (summation of H6) 
Total present worth of PV system (G9 + H7) 
(H3) 
Present Worth 
' " '~T' 
733867^ 
771 
55040000^ 
2o: 
VA 
Rs. 
Expected Yearly maintenance cost for SPV system (A 12) 
55040000; 
550400001 
1149141004^8 [ 
647200" 
( l%ofG3 + H3) 
-1 
Present Worth of annual maintenance over system life, El 
E l 
M S > x 
( 1 ^ E ^ ) ' 
H12 
HIO 
r E 4 =-; ( 1 -K E 4 ) S ^ ^ ^ 
Tojal^Pr^em Worth of j n ^ s y ^ t e m ^ ^ j ^ ^ J 
Present value of Electricity with SPV system (HI 1/F8J 
Total initial cos^for PV system (F3+G3+H3) "^  
'T 
6856446 
155997451; 
23.6iRs./kW-hour 
133810000; "•' 
(based on trend piojection for year 2006) I ! 
*l^l®LP^in?i P^l^'i'^i?^^"' r^!?^5[n5'Ly'?{l_i''^'^'' ^^^'^ <"• ^u*"' ^° '^e system ife, El 
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Seement: Chemical - System design and Oist Analysis (SPV) 
Film: Bio-Con ,_ 
PCU 
Annexuie - XXX 
AC MAINS 
Battery Bus Voltage (PC) 
Inverter AC Voltage (3Ph, 50 Hz. AC) 
Appliciition 
Critical Load 
A9 
AlO 
All 
A12 
Total energy demand per day ( Summation A8) 
Total amp - hour demand per day (A9/A2) 
Max AC Power requirement 
Max DC Power requirement 
B Battery Sizing: 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BIO 
Days of storage desired 
Allowable depth of discharge 
Required battery Capacity (A10*(B1/B2) 
Amp - hour Capacity of selected battery (2 Volts) 
Number of batteries in parellel (B3/B4) 
Number of batteries in series (A2/batt. Voltage) 
Total number of batteries (B5*B6) 
Total battery amp-hour capacity (B5*B4) 
Total battery Kilowatt-hour capacity (B8*(A2/1000) 
Average d.o.d(A10/B8) 
A6 
Rated 
Wattage 
AX 
j Adjusted Hours lincrg\' per 
l.Olbrd.c: Wattage pet Oas l)a\ (Af-* 
! A7i 
(Walls) |A1 I'orACJ (A4/AS) 
1 I W a l l - l i o u i 
177^777 ''X 800,000 0.9 1888888.89 
1777778 
8080.81 
800,000 
888888.89 
0.5 
16162 
1000 Ah 
16.2 
110 
16 NOS, 
1760,00 
16000.00 
3520 
Ah 
0.5 
Paiic I ol } 
 
 
 
 
 
  
 
 
 
Photovoltaic Array Sizing 
CI Total energy demand per day (A9) 1777778 Watt hour 
C2^ 
C3 
Battery round-trip efficiency 
Required array output / day (C1/C2) 
C4 selected PV Modules Maxpower voltage (at STC x 0.85) 
C5 Selected PV Modules guaranteed power output at STC^ 
C6 Annual average solar insolation 
C7 Energy output/module/day (C5*C6) 
C8 
'C9 
Module energy output at operating temperature (C7*0.81) 
CIO 
Cll 
C12 
Number of modules required (C3/C8) 
Number of modules required/string (A2/C4) 
Number of strings in parellel (C9/C10) 
Number of modules to be purchased (C10*C 11) 
jCn I Nominal rated PV modules output 
CMlNominal rated array output (C13*C12) 
D IPCU: 
D1 i Max dc power requirement (A 12) 
JD2^^Max ac power requirement (All) 
0.85 
2091503 Watt hour 
29.07 
150 
Volts 
Watts 
4.5 
675 Watt-hour 
546.75 Watt-hour 
3825.34 
7.57 Nos. 
478.17 478 Nos. 
3824.00 
150 
Nos. 
Watts 
573600 
888888.89 l_ Watts^ I 
800000 j ]^atts J 
_I-
I 
I .-' 
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Ltiic ^^ytic v^usi n,ua.iyaii2i lur o u i u u n^iuuc i '_!£Z_-*^ 
El 
E2 
E3 
E4 
Economic Conditions for Analysi) 
Desired sysem life 
Inflation rate (decimal) 
Discount rate (decimal) 
Real discount rate (E3-E2) 
Present Worth Analysis for PV and BOS 
Peak watts of array (CI 4) 
Cost per peak watt for PV array and BOS, installed 
; Initial cost for PV and BOS (Fl * F2) 
! Expected PV array life 
] ^ _^  _F5^^ 
Fvcpiacement Year 
20 
0.06 
0.13 
0.07 
yrs 
- I 
Initial Installation 
(2*F4) 
(3 * F4) 
FY 
F9^ 
20 
0 
0 
573600 
175^  
00380000 
20 
F6 
Present Worth 
watts 
Rs/watt* 
Rs 
yrs 
(F3) 
(F3/(l + E4)'''') 
(F3/(l + E4)'-*'''^) 
(F3/(l +E4)"*"') 
; Present worth of PV and BOS (summation of F6) | 
TEnerj^production over desired system life. El (A4*A7*F5JDG)*El7l 000)] 
I Present value of PV electricity (F7/F8) 
100380000; . 
Oj ^ 
0; 
1003800001 Rs. i 
9600000|kW-hours 
10.46|Rs./kW-hour 
G. i Presen Worth Analysis for Batteries 
G_l 
02 
03 
04 
05 
Total Battery^kW-hour capacity (B9) 
Cost per kW-hour for battery 
Initial Cost for battery (01*G2) 
Expected battery life in cycles 
Expected battery life in years (04/365) 
06 
Replacement Year 
Initial Installation 
(05) 
(2*05)1 
( 3 * 05) I 
10 
15 
3520J 
40001 
kW-hours 
Rs./kW-hour 
14080000! 
5 
Rs^ 
cycles 
yrs 
0 2 
Present Worth 
N G 5 . 
(G3)^ 
(03/(1 +E4)"') 
(03/(1+ E4)'^'°^') 
(03/(1 +E4)'^'°^') 
08 [Present worth of battery (summation of G7) 
09 
GIO 
Total present worth of PV and Batteries (F7-K}8) 
Present value of Electricity with PV and Battery (G9/F8) 
J | . jPr^ent Worth Analysis of Inverter 
L-. 
Hj j Rated power for mverter (D2/0.75) 
H2 I Cost per rated watt for inverter 
H3 ,Initial cost for inverter(HT*H2) 
H4 
140800001 i__ 
10038845.41 [ 
71575581)3^ _ ] 
51j)3^39.96^ _ 2 
36379643.4T'^' _ _ ^ 
l367^9643r J _ _ T 
14.2TRs./kW-hour 
1066667 iVA^ 
75f 
Expected inverter life 
800000001 Rs. 
--"Tor""" 
H5 
Replcament Year' 
JT7 
H8j 
H9 
Initial Installation 
Present worth of inverter (summation of H6) 
Total present worth of PV system (G9 + H7) 
H6 
Present Worth 
(H3)_^  
ExpectedJYearlyjnaintenance cost for SPV system (A 12)_ 
mmoo 
8000j)000 
21675^4j3 
940800 
(r/oof03jWH3X 
HJO IPresennVorth ofannual maintenance over systemjife, EJ_^  
HS>>< ( 1 E 4 ) 
E ^ -
^ E 4 ) ^ ^ ; ; 
J^IJ jTotai Pregentjt^^rth o f W s y s t e m (H8 + H10) ] 
H12 Present value of Electricity with SPV system (H11 /F8) 
H10 [Total initial cost for PV jystem^F3+G3+H3) 
9966849 
226726492j 
234RsVkW-hour 
194460000j _ ' J ' ; 
#(based on trend projection for year 2006) 
*^*?ffi,Pg_""? g^-5Mlgt^  for replacement years grater thanjor equal to the system life. El 
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Segment: Cement - System design ami Cost Analysis (SPV) 
Firm: Amhuja Cement 
PCU 
SPV A R R A Y CR 
A. 
M 
A2 
A3 
Aiinoxuri' - X W I 
AC MAINS 
BC 
INV 
BATTERY 
Loads: 
Inverter etYiciency (decimal) 
Banery Bus Voltage (DC) 
Inverter AC Voltage (3Ph, SO Hz. AC) 
Application 
Critical Load (FI xlOOO) 
A9 
AlO 
Total energy demand per day ( Summation A8) 
Total amo - hour demand ner dav CA9/A51 
Al l 
A12 
81 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BIO 
p p y ( / 2)
Max AC Power requirement 
Max DC Power requiremcnl 
BattuQ' Sizing: 
Days of storage desired 
Allowable depth of discharge 
Required battery Capacity (A10*(B1/B2) 
Amp - hour Capacity of selected battery (2 Volts) 
Number of batteries in parellel (B3/B4) 
Number of batteries in series (A2/batt. Voltage) 
Total number of batteries (B5*B6) 
Total battery amp-hour capacity (B5*B4) 
Total battery Kilowatt-hour capacity (B8*(A2/1000) 
Average d.o.d(A10/B8) 
= ^ L O A D 
r^  
1 1 -
0.9 
220 
415 
A4 
Rated 
Wattage 
(Watts) 
640,000 
volts 
A5 
.0 ford.c 
Al lor A.C 
0.9 
A6 A7 
Adju.sted • Hours 
Wattage , per Day 
(A4/A5) 
24 
AX 
llicrgN per 
Dav(A6 * A7) 
Walj^ -hour 
77066666,67 
17066666.67 
77575.76 
640,000 
71111: 
0.5 
155151.52 
1000 
155.2 
10 
17050.00 
155000.00 
34100 
0.5 
Ah 
155 NOS. 
Ah 
Vuac I 0/3 
 
 
 
 
 
  
 
 
 
CI 
C2^ 
C4 
t6 
C7 
C9 
cTo^ 
C12 
911 
CI4 
Photovoltaic Array Sizing 
Total energy demand per day (A9) 17066666.67 
Battery round-lrip efliciency 
Required array output / day (C1/C2) 
selected PV Modules Maxpower voltage (at STC x 0.85) 
Selected PV Modules guaranteed power output at STC 
Annual average solar insolation 
Energy output/module/day (CS*C6) 
Module energy output at operating temperature (C7*0.8^ 1) 
Number of modules required (C3/C8) 
0.85 
20078431.37 
Number of modules required/string (A2/C4) 
Number of strings in parellel (C9/C10) 
Number of modules to be purchased (C10*C 1 i) 
Nominal rated PV modules output 
Nominal rated array output (C13 *C 12) 
D PCU: 
pi 'Max dc power requirement (A 12) 
D2 iMax ac power requirement (All) 
29.07 
150 
4.5 
675 
546.75 
36723.24 
7.57 
4590.40 
36720.00 
150 
5508000 
711111.11 
Watt hour 
Watt hour 
Volts 
Watts 
Watt-hour 
Watt-hour 
4590 
Watts 
Nos. 
Nos. 
Nos. 
Watts 
640000 Watts 
]^.^.^ 
t. 
- i - . -
•4 
-i-
i_. 
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Liie t-ycie \^osi Analysis lor siano Aionc r » ojaicm. 
E 1 
El 
E2 
E3 
E4 
F. 
Fl 
F2 
F3 
F4 
(F4) 
(2_*F4) 
(3 * F4) 
F7 
F8 
F9 
G. 
Gl 
G2 
03 
04 
05 
(05) 
(2 * 05) 
(3 * 05) 
08 
09 
OlO 
H. 
HI 
H2 
H3 
H4 
H7 
H8 
. H9 
HIO 
Economic Conditions for Analysis 
Desired sysem life 
Inflation rate (decimal) 
Discount rate (decimal) 
Real discount rate (E3-E2) 
Present Worth Analysis for PV and BOS 
Peak watts of array (C14) 
Cost per peak watt for PV array and BOS, installed 
Initial cost for PV and BOS (Fl * F2) 
Expected P\ ' array life 
F5 
Replacement Year 
Initial Installation 
20 
0 
0 
Present worth of PV and BOS (summation of F6) 
j _ : - . 
i 
1 • . . 
! 20|yrs; 
I 0.06 i 
0.13| 
\ Qjyi: 
] 
'; 
I 5508000; watts 
\ 175iRs/watt* 
963900000lRs 
20iyrs 
F6 
Present Worth 
"(F3T 963900000' 
(F3/(l + E4)'"') 0 
(F3/(l+E4)^-*"') 0 
(F3 / ( l+E4)" ' "^ ) 0 
963900000 Rs. 
Energy production over desired system life, El (A4*A7*F5(DO)*E1/1000) ! 112128000.00 kW-hours 
Present value of PV electricity (F7/F8) 8.60 Rs./lcW-hour 
Presen Worth Analysis for Batteries | 
Total Battery kW-hour capacity (B9) 
Cost per kW-hour for battery 
Initial Cost for battery (01*02) 
34100 kW-hours 
4000 Rs./kW-liour 
136400000 Rs. 
Expected battery life in cycles cycles 
Expected battery life in years (04/365) 
06 
Replacement Year Initial Installation 
^ 
5 
10 
15 
Present worth of battery (summation of 07) 
Total present worth of PV and Batteries (F7+08) 
5 yrs 
07 
Present Worth 
(03) 136400000 " ' 
(03/ ( l+E4)°^) ! 97251314.88 
(G3/(l+E4)'-*°^^ i 69338843.45 
(G3/(l + E4)^^*°^ ; 49437637.08 
352427795 
1316327795 
Present value of Electricity with PV and Battery (09/F8) 11.7'Rs./kW-hour 
Present Worth Analysis of Inverter 
Rated power for inverter (D2/0.75) 
Cost per rated watt for inverter 
Initial cost for inverter (H1*H2) 
Expected inverter life 
H5 
Replcament Year* 
Initial Installation 
Present worth of inverter (summation of H6) 
Total present worth of PV system (09 + H7) 
853333 VA 
75 
1 64000000 Rs. 
20 
H6 
Present Worth 
(H3) 1 64000000 
1 64000000 
1380327795: 
Expected Yearly maintenance cost for SPV system (A 12) ^ ! 2004000 
( l % o f 0 3 + H3) ; 
Present Worth of annual maintenance over system life, E1 
HU H'otalPr^en 
H12 
H13 
(^  > 
^ 1 1 ij^-^y - 1 
f E-» =< ( 1 -+- K - * y ^ - ^ 
t Worth of PV system ( H S T H I 
Present value of Electricity with SPV systen 
Total initial cost for PV system (F3+03+H3 
i 21230405 
0) \401558200 
i(Hll/F8) 
) 
1* 
(based on trend projection for year 2006) 
*Note: Do n ot calculate for replacemciit yea rs greater th 
{ 12.5,Rs./kW-hour 
ri643oocuo: 
^ 
an or equal to the system life, E1 
r ' Paee 3 of 3 
 
 
 
 
 
  
 
 
 
Segment: Engineering - System design and Cost Analysis (Sl'V) 
Firm: Bi-Metal Bearing 
! - ! _ 
1 
— j - - -
1 
i 
- -+ 
SPV ARRAY 
1 
1 
?c 
j 
CR 
1 I 
U 
L 
- ^ - 1 -
j _ 
1 
— 
'' 
1 
- - . - t 
.VHIU'XUH' 
. - - - . ; \ • 
AC MAINS 
1 
BC 
INV 
iL 
BATTERY 
A. .Loatls: 
M 
A2 
A3 
Inverter etYiciency (decimal) 
Battery Bus Voltage (DC) 
Inverter AC Voltage (3Ph, 50 Hz, AC) 
Application j 
i 
1 
2 
Critical Load 
3 
4 i 
5 ' 
i 
A9 
AlO 
All 
A12 
Total energy demand per day ( Summation A8) 
Total amp - hour demand per day (A9/A2) 
Mux AC Power requirement 
Max DC Power requirement 
1 
— 
— 
: - , . 1 
B 'Bat tery Sizing: ; 
I 1 
Bl 1 Days of storage desired ! 
B2 Allowable depth of discharge 
B3 
B4 
B5 
B6 
B7 
B8 
BIO 
Required banery Capacity (A10*(B1/B2> 
1 
Amp - hour Capacity of selected batterv (2 Volts) ' 
Number of batteries in parellel (B3/B4) j 
Number of batteries in series (A2/batt. Voltage) [ 
Total number of batteries (B5*B6) 
Total battery amp-hour capacity (B5*I}4) 
Total battery Kilowatl-hour capacity (B8*( 
Average d.o.d(A10/D8) 
I 
1~-
A2/1000) 
1 
0.9 
220 
415 
- • - -
-
volts 
A4 A5 
Rated 
Wattage 
(Watts) 
1.0 for d.c 
Al for A.C 
1 
400,000 1 0.9 
1 
1 
1 
1 
1 
j — • - - • 
j 
1 
1 " ^ 
1 
1 1 
r ' 
I ^ L U A U 
-1- ^ 
1 
X - • 
1 
1 
' 
A6 ' A7 
1 Adjusted | Hours 
Wattage | per Da\' 
! 
(A4/A5) 
444444.44 ' 24 
I 
1 ^ - - • 
1 . : : . 
, 
10666667 
48484.85 
400,000 
444444.44 
1 
1 '" 
, J 
i 
1 
0.5 
96969.70 
1000 
L 
J 1 
j "Ah- r ' •  
7.0 97 1 NOS. , 
10 i ' ' 
10670.00 
97000.00 
21340 
- - A h ; - - t - • 
• --- 1 ! 
0.5 
- - - • 1 ! 
1 ! " ' I'a 
- W X l l 
AH 
1 JKTgN per 
l )av(A6* 
A7) 
Watt-hour 
10666666.fi7 
 
 
 
 
 
  
 
 
 
c 
CI 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
CIO 
Cll 
C12 
C13 
C14 
D 
Dl 
D2 
Photovoltaic Array Sizing 
Total energy demand per day (A9) 
Battery round-trip efficiency 
Required array output / day (C1/C2) 
selected PV Modules Maxpower voltage (at STC x 0.85) 
Selected PV Modules guaranteed power output at STC 
Annual average solar insolation 
Energy ou^ut/module/day (C5*C6) 
Module energy output at operating temperature (C7*0.81) 
Number of modules required (C3/C8) 
Number of modules required/string (A2/C4) 
Number of strings inparellel (C9/C10) 
Number of modules to be purchased (C10*CI 1) 
Nominal rated PV modules output 
Nominal rated array output (C13 *C 12) 
PCU: 
Max dc power requirement (A 12) 
Max ac power requirement (All) 
fr-
1 
ft 
- - -
10666666.67 
0.85 
12549019.61 
29.07 
150 
4.5 
675 
546.75 
22952.02 
7.57 
2869.00 
22952.00 
150 
3442800 
444444 
400000 
1 
r ~ ' '1 
r 
- - - • - - -
^--
Watt hour 
Watt hour 
Volts 
Watts 
Watt-hour 
Watt-hour 
8 
2869 
Watts 
Watts 
Watts 
• 
---
Nos. 
Nos. 
Nos. 
• — 
-
- - -— 
— 
j 
1 
" ~" T"" 
• 
f i - -
1 
i 
1 
- -__ . 
- ---,-
— . . _ . . _ j . ___ 
! 
T 
t 1 
: 
— 
— 
. _ „ 
- - - -
J 
1 
- 1 
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Liie cycie v-ost Analysis lor stana Aione r v aysicm. 
E 
El 
E2 
E3 
E4 
F. 
Fl 
F2 
F3 
F4 
(F4) 
(2 * F4) 
(3 * F4) 
F7 
F8 
F9 
G. 
Gl 
G2 
G3 
G4 
G5 
(G5) 
(2*G5) 
(3*G5) 
G8 
G9 
GIO 
H. 
HI 
H2 
H3 
H4 
H7 
H8 
H9 
HIO 
Hll 
H12 
HIO 
Economic Conditions for Analysis 
Desired sysem life 
Inflation rate (decimal) 
Discount rate (decimal) 
Real discount rate (E3-E2) 
Present Worth Analysis for PV and BOS 
Peak watts of array (CI4) 
Cost per peak watt for PV array and BOS, installed 
Initial cost for PV and BOS (Fl * F2) 
Expected PV array life 
F5 
Replacement Year 
Initial Installation 
20 
0 
0 
Present worth of PV and BOS (summation of F6) 
20 
0.06 
0.13 
0.07 
3442800 
175 
602490000 
20 
F6 
Present Worth 
(F3) i 
(F3/(l + E4)'"') 
(F3/(l+E4)"*"*) 
(F3 / ( l+E4)" ' " ' ) 
Energy production over desired system life. El (A4*A7*F5 (DG)*E1/1000) 
Present value of PV electricity (F7/F8) 
Presen Worth Analysis for Batteries 
Total Battery kW-hour capaciti' (B9) 
Cost jjer kW-hour for battery 
Initial Cost for battery (G1*G2) 
Expected battery life in cycles 
Expected battery life in years (G4/365) 
G6 
•• Replacement Year 
Initial Installation 
5 
10 
15 
Present worth of battery (summation of G7) 
Total present worth of PV and Batteries (F7-KJ8) 
602490000 
0 
0 
0 
602490000 
63360000 
9.51 
21340 
4000 
85360000 
5 
G7 
Present Worth *• 
(G3) 
(G3/(l+E4)°^) 
(G3/(l+E4)'^'*'^^) 
(G3/(I+E4)<'**^'') 
Present value of Electricity with PV and Battery (G9/F8) 
Present Worth Analysis of Inverter 
Rated power for inverter (D2/0.75) 
Cost per rated watt for inverter 
Initial cost for inverter (HI *H2) 
Expected inverter life 
H5 
Replcament Year* 
Initial Installation 
Present worth of inverter (summation of H6) 
Total present worth of PV system (G9 + H7) 
85360000 
60860500.28 
43392695.58 
30938392.24 
220551588 
823041588 
13.0 
1 533333 
75 
40000000 
20 
H6 
Present Worth 
(H3) 
Expected Yearly maintenance cost for SPV. system (A 12) 
(l%ofG3 + H3) 1 
Present Worth of annual maintenance over system life, EI 
J H S > x 
1 
r N 
^ T^ 1 ^ 
1 E-O^x; (1-1-IS-O^)*- J 
Total Present Worth of PV syston (H8 + H 
40000000 
40000000 
863041588 
1253600 
j 
— 
0) 
' I 13280656 
1 
1 
yrs 
watts 
Rs/watt 
Rs 
yrs 
Rs. 
kW-hours 
Rs./kW-hoi, 
kW-hours 
Rs./kW-hoi 
Rs. 
cycles 
yrs 
1 
Rs./kW-ho 
4 _ - - -- . 
kVA 
Rs. 
- -
i 8763222441 
Present value of Electricity with SPV system (HI 1/F8) 
Total initial cost for PV system (F3+G3+H3) 
(based on Uend projection for year 2006) j 
I3.8lRs./kW-hoi 
727850000 
*Note: Do not calculate for replacement years greater than or equal to the system life, EI 
1 i Pao*^ 
r 
ir 
j r 
r ^ " " • 
, 
t 
_ 
i 
I 
j r 
\ 
^ 
•\ nfj.^^ 
 
 
 
 
 
  
 
 
 
Segment: Engineering - System design unci Cos 
Fii-m: Salzer Electronics Ltd. 
1 
t An iilysis (SPV) 
PCU 
— 1 
i 
\ AC MAINS 
J-! _ i 4. [. 
• • 1 
i -' r " " 
SPV ARRAY 
- 4-
1 '• 
1 
L 
1 
1 
1 
1 
1_ 
n 
! 1 
. 
^ i 
. „ , _ 
1 1 
-^ 1 " T 
U- F 
\ — 
A. 
Al 
A2 
A3 
— 
' \ 
BC 
i-
/ 
H 
4 -
1 1 
1 
... 
-•• + 
V 
INV 
1 
! 
ik- — T 
BATTERY 
1 
t 
Loads: 
Inverter efficiency (decimal) 
Battery Bus Voltage (DC) 
Inverter AC Voltage (3Ph. 50 Hz, AC) 
j 
i Application 
1 , , , 
1 Critical Load 
2 
3 I 
— 
4 ! 
5 : 
A9 
AlO 
All 
A12 
B 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BIO 
Total energy demand per day (Summation A8) 
Total amp - hour demand per day (A9/A2) 
Max AC Power requirement 
MaK DC Power requirement 
Battery Sizing: 
Days of storage desired 
Allowable depth of discharge 
Required battery Capacity (A10*(B1/B2) 
Amp - hour Capacity of selected battery (2 Volts) 
Number of batteries in parellel (B3/B4) 
Number of batteries in series (A2/batt. Voltage) 
Total number of batteries (B5*B6) 
Total battery amp-hour capacity (B5*B4) 
Total battery Kilowatt-hour capacity (B8*(A2/1000) 
Average d,o.d(A10/B8) 
1 
j-
1 
1 
0,9 
220 
1 
^ 
—i 
volts 
415 1 
i 
A4 I A5 
Rated 
Wattage 
(Watts) 
102,400 
1.0 for d.c 
Al for AC 
0.9 
i 
398222 
1810.10 
102,400 
113777.78 
1 
0.5 
3620.20 
1000 
3.6 
110 
440.00 
4000.00 
880 
0.5 
Ah 
4 
Ah 
1 
1 
1 
1 1 
1 
r ; 
^ — • 1 r 
1 "^  L,V, 
t ' 
I 
1 
-J " -
1 1-1 
1 
-
. 
; 
1 
A6 1 
Adjusted '• 
Wattage ! 
i 
(A4/A5) 
113777.78 i 
^ 
i 
NOS. 
1 
1 
VnnexuiT - XXXIll 
>AD 
A7 ^ A8 
Hours Energy per 
per Da> : Das (A6 * 
A7) 
Wall-hour 
" 1 5 ' "^ 9S222 2 : 
1 - • 
r - -
. 
I'agc 1 ol'3 
 
 
 
 
 
  
 
 
 
c 
CI 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
CIO 
Cll 
C12 
CI3 
C14 
D 
Dl 
D2 
Photovoltaic Array Sizing 
Total energy demand per day (A9) 
Battery round-trip efficiency 
Required array output / day (CI/C2) 
selected PV Modules Maxpower voltage (at STC x 0.85) 
Selected PV Modules guaranteed power output at STC 
Annual average solar insolation 
Energy output/module/day (C5*C6) 
Module energy output at operating temperature (C7*0.81) 
Number of modules required (C3/C8) 
Number of modules required/string (A2/C4) 
Number of strings in parellel (C9/C10) 
Number of modules to be purchased (C10*C 11) 
Nominal rated PV modules output 
Nominal rated array output {C13*C12) 
PCU: 
Max dc power requirement (A 12) 
Max ac power requirement (All) 
398222 
0.85 
468496.73 
29.07 
150 
4.5 
675 
546.75 
856.88 
7.57 
107.11 
856.00 
150 
128400 
Watt hour 
Watt hour 
Volts 
Watts 1 
Watt-hour 
Watt-hour 
8 1 
107 
Walts 
113777.78 Watts 
102400 
-
Nos. 
Nos. 
Nos. 
-
( 
1 Watts : 
, 1 
{ 
I 
1-
i_-
j 
! t-
1 ! 
1 
( i 
1 i 
! 
i 
1 
i— 
1 
1 
L 
i - ... _ ....- _ ^ -
1 
1 
t 
h 1 i 
r 
i • 
— 
— 
i 
i — • - -
1 
; 
., 
1 
- — -
1 4 
i 
; 
j 
1 
i 
- — - - t 
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Life Cycle Cost Analysis for Stand Alone PV System: 
E 
El 
E2 
E3 
E4 
F. 
FI 
F2 
F3 
F4 
(F4) 
(2 * F4) 
(3 * F4) 
F7 
F8 
F9 
G. 
Gl 
G2 
G3 
G4 
G5 
(G5) 
(2*G5) 
(3*G5) 
G8 
G9 
GIO 
H. 
HI 
H2 
H3 
H4 
H7 
H8 
H9 
HIO 
Hll 
H12 
HIO 
Economic Conditions for Analysis 
Desired sysem life 
[nflation rate (decimal) 
Discount rate (decimal) 
Real discount rate (E3-E2) 
Present Worth Analysis for PV and BOS 
Peak watts of array (CI4) 
Cost per peak watt for PV array and BOS, installed 
Initial cost for PV and BOS (Fl * F2) 
Expected PV array life 
F5 
Replacement Year 
Initial Installation 
20 
0 
0 
Present worth of PV and BOS (summation of F6) 
4- 4 
. —! 
20 
0.06 
0.13 
0.07 
128400 
175 
22470000 
20 
F6 
Present Worth 
(F3) 
(F3/ (1 + £4^) 
(F3/(l+E4/^'' ' ' '^) 
(F3 / ( l+E4)" ' " ' ) 
Energy production over desired system life. El (A4*A7*F5 (DG) *E1/1000) 
Present value of PV electricity (F7/F8) 
Presen Worth Analysis for Batteries 
Total Battay kW-hour capacity (B9) 
Cost per kW-hour for battery 
Initial Cost for battery (Gl *G2) 
Expected battoy life in cycles 
Expected battery life in years (G4/365) 
G6 
Replacement Year 
•• Initial Installation 
5 
10 
15 
Present worth of battery (summation of G7) 
Total present worth of PV and Batteries (F7+G8) 
22470000 
0 
0 
0 
22470000 
2365440 
9.50 
880 
yrs 
watts 
Rs/watt* 
Rs 
yrs 
Rs. 
kW-hours 
^. /kW-ho 
kW-hours 
4000jRs./kW-ho 
3520000 
5 
G7 
Present Worth 
(G3) 
(G3/(l+E4)° ' ) 
(G2/(\+E4f'°^^ 
(G3/(l + E4f'°^') 
Present value of Electricity with PV and Battery (G9/F8) 
Present Worth Analysis of Inverter 
Rated power for inverter (D2/0.75) 
Cost per rated watt for inverter 
Initial cost for inverter (HI *H2) 
Expected inverter life 
H5 
Replcament Year* 
Initial Installation 
Present worth of inverter (summation of H6) 
Total present worth of PV system (G9 + H7) 
3520000 
2509711.35 
1789389.51 
1275809.99 
9094910.85 
31564910.8 
13.3 
| _ 136533 
j 10240000 
1 20 
H6 
Present Worth 
(H3) 
Expected Yearly maintenance cost for SPV system (A 12) 
( l%ofG3 + H3) . 1 
Present Worth of annual maintenance over system life, El 
r ^ , ^ ! 
M9x 
Total Preser 
< ^ l - l - J = ; 4 ^ - 1 
r f !=-•* X (; i -1- t-.'^y j 
t Worth of PV system (H8 + H 
Present value of Electricity with SPV systeti 
10240000 
10240000 
41804910.8 
137600 
Rs. 
cycles 
yrs 
1 ~ " 
-
lRs./kW-ho 
[ 
"kVA 
Rs. 
^ -
i 
1457736 
L 
0) j _ 43262647; 
n(Hll/F8) 18.3 
Total initial cost for PV system (F3+G3+H3) 
(based on ti 
•Note: Do n 
end projection for year 2006) 
36230000 
ot calculate for replacement years greater than or equal to the syst 
1 
em life. El 
Rs./kW-ho 
"-
1 1 Pag 
— 
-
---
jr 
I 
ur 
-; - - - - - -
i - - • -
r - ^ 
j _ _ 
ur 
7 
ur 
" I " 
: 
i i 
; 
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Crud Oa Price Annexure: XXXIV 
Year 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
fable 11 7 Cmde OH Prices by Selected Type, 1970-2005 
(Dollars^ per Barrel) 
Saudi 1 , , A,^h,io» Iranian Arabian 
Light-34H '-'ght-34 
API 1 ' ^ ' 
1.35| 1.36 
1.75] 1.76 
1.90| 1.91 
2.10| 2.11 
9.60] 10.63 
10.46| 10.67 
11.51] 11.62 
12.09] 12.81 
12.70] 12.81 
13.34) 13.45 
26.00] * 30.37 
32.00J 37.00 
34.00] 34.20 
34.00] 31.20 
29.00] 28.00 
29.00] 28.00 
28.00] 28.05 
16.15) 16.14 
17.52] 15.55 
13.15] 12.75 
18.40] 18.20 
24.00] 23.65 
15.90] 15.50 
16.80] 16.70 
12.40] 12.40 
16.63] 16.18 
18.20] 17.73 
22.98] 22.63 
15.50] 14.93 
10.03) 9.83 
24.78) 24.63 
20.30) 20.20 
17.68] 18.90 
27.39) 27.85 
27.08) 28.67 
31.86] 33.84 
Ubyan ^ 
Es Sider-
37° API 
2.09 
2.80 
2.80 
3.10 
14.30 
11.98 
12.21 
13.74 
13.80 
14.52 
34.50 
40.78 
36.50 
35.10 
30.15 
30.15 
30.15 
16.95 
18.52 
15.40 
20.40 
26.90 
17.20 
17.55 
12.55 
16.05 
19.20 
24.10 
16.72 
10.65 
25.85 
22.40 
19.63 
30.40 
29.47 
38.00 
Nigerian ^ 
Bonny Ught-
37° API 
2.10 
2.65 
2.80 
3.10 
12.60 
11.80 
12.84 
14.33 
14.33 
14.80 
29.97 
40.00 
36.50 
35.50 
30.00 
28.00 
28.65 
17.13 
18.92 
15.05 
21.20 
27.80 
18.20 
18.50 
13.50 
16.15 
19.70 
24.65 
16.50 
10.60 
25.55 
22.00 
19.88 
31.16 
29.97 
38.21 
j'Nominal dollars. 
^Prices for 1974 and 1975 are for crude oil with 40(I1API gravity. Prices 
for 1980 include $4.72 in retroactive ctiarges and market premiums. 
'Prices from 1977 forward include 2 cents per barrel hartjor dues. 
^1970-1985-26lDAPI; 1986 forward-31IIlAPI. 
sprice for 1980 includes $1.87 market premiums and credit cfiarges. 
Indonesian 
Minas-34° 
API 
1.67 
2.18 
2.96 
2.96 
10.80 
12.60 
12.80 
Venezuelan 
Tia Juana 
Light" 
2.05 
2.45 
2.45 
2.60 
9.30 
11.00 
11.12 
13.55] 12.72 
13.55 
13.90 
27.50 
35.00 
35.00 
34.53 
29.53 
29.53 
28.53 
16.28 
17.56 
15.50 
18.55 
26.50 
18.65 
19.10 
14.15 
16.95 
20.05 
24.95 
16.50 
9.95 
24.15 
22.80 
18.89 
12.82 
13.36 
25.20 
32.88 
32.88 
32.88 
27.88 
„ . United 
Mexico j , r . „ „ j - _ 
Mawa22° ^ngdom 
^ 1 Brent Blend-
'^^ \ 38° API 
NA] NA 
NA) NA 
NA| NA 
NA| NA 
NA NA 
NAI NA 
NAJ NA 
NAJ NA 
NA) NA 
15.45J 15.70 
28.00] 26.02 
34.50J 39.25 
26.50] 36.60 
25.50] 33.50 
25.00) 30.00 
27.88 25.50] 28.65 
28.05 
15.10 
17.62 
12.27 
21.93] 26.00 
14.00] 18.25 
11.10] 18.00 
10.63) 15.80 
24.69) 17.05] 21.00 
28.62 
19.67 
17.97 
20.00| 27.20 
10.75J 17.75 
12.50] 17.90 
12.97] 9.01] 13.15 
16.57| 13.77] 16.15 
18.52 15.79] 19.37 
26.62 19.33) 24.05 
15.93 10.81) 15.89 
9.451 6.38] 10.44 
24.851 20.20 
22.13 15.82 
17.78] 14.30 
35.03) 30.25) 26.29 
32.10] 30.10 
35.86) 35.98 
24.37 
26.16 
25.10 
22.50 
21.20 
31.36 
29.73 
39.43 
API=API gravity. NA=Not available. 
Notes: iPrices are as of the Friday I 
in 1987, when prices are as otthe fi 
offidal government-selling prices, nc 
quotations. DDPrices are usually f.o.b 
(BSee Tables 5.18,5.19, and 5.21 fa 
the United States, such as Domestic 
Costs of Cmde Oil Imports, and Refi 
Web Page: For related information, i 
http://www.eia.doe.gov/intemational 
hat is closest to January 1, except 
•St Friday in February. IBBased on 
"tback values, or spot maricet 
at the foreign port of lading, 
r other types of crude oil prices tor 
First Purchase Prices, L.anded 
ner Acquisition Costs. 
>ee 
Sources: 11970-1978—Petroleum and Energy Intelligence Weekly, 
Inc., Petroleum Intelligence Weekly. 0)1979 forward—Energy 
Information Administration. Weekly Petroleum Status Report. 
 
 
 
 
 
  
 
 
 
Title: India / U.S. Foreign Exchange Rate 
Series ID: EXINUS 
Source: Board of Governors of the Federal Reserve System 
Release: G.5 Foreign Exchange Rates 
Seasonal Adjustment: Not Applicable 
Frequency: Monthly 
Units: Indian Rupees to One U.S. Dollar 
Date Range: 1973-01-01 to 2006-03-01 
Last Updated: 2006-04-03 10:35 AM CT 
Notes: Averages of daily figures. Noon buying rates in New York City for 
cable transfers payable in foreign currencies. 
DATE VALUE 
1994-01-01 31.44 
1994-02-01 31.45 
1994-03-01 31.41 
1994-04-01 31.39 
1994-05-01 31.38 
1994-06-01 31.38 
1994-07-01 31.38 
1994-08-01 31.37 
1994-09-01 31.37 
1994-10-01 31.37 
1994-11-01 31.39 
1994-12-01 31.39 
1995-01-01 31.37 
1995-02-01 31.38 
1995-03-01 31.59 
1995-04-01 31.41 
1995-05-01 31.42 
1995-06-01 31.40 
1995-07-01 31.39 
1995-08-01 31.59 
1995-09-01 33.31 
1995-10-01 34.66 
1995-11-01 34.71 
1995-12-01 34.97 
1996-01-01 35.81 
1996-02-01 36.59 
1996-03-01 34.49 
1996-04-01 34.32 
1996-05-01 35.03 
1996-06-01 35.10 
1996-07-01 35.67 
1996-08-01 35.80 
1996-09-01 35.87 
1996-10-01 35.80 
1996-11-01 35.84 
1996-12-01 35.88 
1997-01-01 35.90 
1997-02-01 35.89 
1997-03-01 35.88 
1997-04-01 35.83 
1997-05-01 35.82 
1997-06-01 35.82 
1997-07-01 35.75 
1997-08-01 36.01 
1997-09-01 36.48 
1997-10-01 36.30 J 
1997-11-01 37.29 
1997-12-01 39.40 
DATE VALUE 
1998-01-01 39.39 
1998-02-01 39.01 
1998-03-01 39.57 
1998-04-01 39.70 
1998-05-01 40.47 
1998-06-01 42.37 
1998-07-01 42.61 
1998-08-01 42.84 
1998-09-01 42.58 
1998-10-01 42.39 
1998-11-01 42.43 
1998-12-01 42.59 
1999-01-01 42.55 
1999-02-01 42.53 
1999-03-01 42.52 
1999-04-01 42.80 
1999-05-01 42.86 
1999-06-01 43.21 
1999-07-01 43.36 
1999-08-01 43.50 
1999-09-01 43.60 
1999-10-01 43.55 
1999-11-01 43.46 
1999-12-01 43.52 
2000-01-01 43.59 
2000-02-01 43.65 
2000-03-01 43.64 
2000-04-01 43.68 
2000-05-01 44.08 
2000-06-01 44.76 
2000-07-01 44.84 
2000-08-01 45.77 
2000-09-01 45.97 
2000-10-01 46.43 
2000-11-01 46.82 
2000-12-01 46.78 
2001-01-01 46.61 
2001-02-01 46.56 
2001-03-01 46.65 
2001-04-01 46.79 
2001-05-01 46.95 
2001-06-01 47.04 
2001-07-01 47.18 
2001-08-01 47.17 
2001-09-01 47.75 
2001-10-01 48.05 
2001-11-01 48.04 
2001-12-01 47.93 
i 
DATE VALUE 
2002-01-01 48.35 
2002-02-01 48.72 
2002-03-01 48.77 
2002-04-01 48.94 
2002-05-01 49.02 
2002-06-01 48.98 
2002-07-01 48.79 
2002-08-01 48.62 
2002-09-01 48.46 
2002-10-01 48.39 
2002-11-01 48.29 
2002-12-01 48.15 
2003-01-01 47.96 
2003-02-01 47.75 
2003-03-01 47.68 
2003-04-01 47.39 
2003-05-01 47.11 
2003-06-01 46.70 
2003-07-01 46.22 
2003-08-01 45.96 
2003-09-01 45.85 
2003-10-01 45.40 
2003-11-01 45.55 
2003-12-01 45.57 
2004-01-01 45.46 
2004-02-01 45.27 
2004-03-01 44.97 
2004-04-01 43.89 
2004-05-01 45.18 
2004-06-01 45.50 
2004-07-01 46.06 
2004-08-01 46.32 
2004-09-01 46.05 
2004-10-01 45.74 
2004-11-01 45.03 
2004-12-01 43.85 
2005-01-01 43.62 
2005-02-01 43.58 
2005-03-01 43.59 
2005-04-01 43.64 
2005-05-01 43.41 
2005-06-01 43.52 
2005-07-01 43.43 
2005-08-01 43.55 
2005-09-01 43.85 
2005-10-01 44.76 
2005-11-01 45.63 
2005-12-01 45.56 
2006-01-01 44.20 
2006-02-01 44.23 
2006-03-01 44.34 
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1 Annexure XXXX 
AREA ON THE RIGHT SIDE OF CHI-SQUARE (X )^ DISTRIBUTION 
Area in right tail for confidence level 
Degrees of freedom 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
• 
0.99 
0.00016 
0.0201 
0.115 
0.297 
0.554 
0.872 
1.239 
1.646 
2.088 
2.258 
3.053 
3.571 
4.107 
4.660 
5.229 
5.812 
6.408 
7.015 
7.633 
8.260 
8.897 
9.542 
10.196 
10.856 
11.524 
12.198 
12.879 
13.565 
14.256 
14.953 
0.975 
0.00098 
0.0506 
0.216 
0.484 
0.831 
1.237 
1.690 
2.180 
2.700 
3.247 
3.816 
4.404 
5.009 
5.629 
6.262 
6.908 
7.564 
8.231 
8.907 
9.591 
10.283 
10.982 
11.689 
12.401 
13.120 
13.844 
14.573 
15.308 
16.047 
16.791 
0.95 
0.00398 
0.103 
0.352 
0.711 
1.145 
1.635 
2.167 
2.733 
3.325 
3.940 
4.575 
5.226 
5.892 
6.571 
7.261 
7.962 
8.672 
9.390 
10.117 
10.851 
11.591 
12.338 
13.091 
13.848 
14.611 
15.379 
16.151 
16.928 
17.708 
18.493 
0.90 
0.0158 
0.211 
0.584 
1.064 
1.610 
2.204 
2.833 
3.490 
4.168 
4.865 
5.578 
6.304 
7.042 
7.790 
8.547 
9.312 
10.085 
10.865 
11.651 
12.443 
13.240 
14.041 
14.848 
15.658 
16.473 
17.292 
18.114 
18.939 
19.768 
20.599 
0.10 
2.706 
4.605 
0.05 
3.841 
5.991 
6.251 7.815 
7.779 
9.236 
10.645 
12.017 
13.362 
14.684 
15.987 
17.275 
18.549 
19.812 
21.064 
22.307 
23.542 
24.769 
25.989 
27.204 
28.412 
29.615 
30.813 
32.007 
33.196 
34.328 
35.563 
36.741 
37.916 
39.087 
40.256 
9.488 
11.070 
12.020 
14.067 
15.507 
16.919 
18.307 
19.675 
21.026 
22.362 
23.685 
24.996 
26.296 
27.587 
28.869 
30.144 
31.144 
32.671 
33.924 
35.172 
36.415 
37.652 
38.885 
40.113 
41.337 
42.557 
43.773 
i 
i 
1 
1 
1 
1 
0.25 
5.024 
7.378 
9.348 
11.143 
12.833 
14.449 
16.013 
17.535 
19.023 
20.483 
21.920 
23.337 
24.736 
26.119 
27.488 
28.845 
30.191 
31.526 
32.852 
34.170 
35.479 
36.781 
38.076 
39.364 
40.647 
41.923 
43.194 
44.461 
45.722 
46.979 
0.01 
6.635 
9.210 
11.345 
13.277 
15.086 
16.182 
18.475 
20.090 
21.666 
23.209 
24.725 
26.217 
27.688 
29.141 
30.578 
32.000 
33.409 
34.805 
36.191 
37.566 
38.932 
40.289 
41.638 
42.980 
44.314 
45.642 
46.963 
48.278 
49.588 
50.892 
- --- -
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Photographs of Major power plants of 1 MW capacity Annexure: XXXXII 
Springerville Generating Station Solar System: 
I 
Solar Power Plant Sembach: 
 
 
 
 
 
  
 
 
 
